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PREFACE 


lOLOGY is the sdence of living things. It is a 
rapidly expanding science, which has now grown 
so large that it is b^inning to divide itself into a 
number of daughter-sciences* 

With this increasing subdivision there comes a tendency 
for the latest results in the various fields to be known only 
to specialists, although they may be full of interest and 
meaning for the lay reader. From each df the different 
branches he can gather something of consequence if the main 
results are made accessible to him by being shorn of con- 
fusing technical complications. From S3^tematic Zoology 
and Botany he can obtain a view of all the different kinds of 
living things, and of the relations which they bdar to each 
other. From Anatomy and Physiology he can derive an 
understanding of his body. From a study of Embryology 
and Reproduction, he can understand his development and 
his relation to the stream of life. Genetics, a subject of 
comparatively recent growth, is emerging from a contro- 
versial period and is now able to present to him the main 
principles of heredity with considerable certainty. EvoW 
tionary Biology can trace the actual history of the various 
forms of life, and in so doing it explains much that is per- 
plexing in their structure and working. Ecology, another 
recendy developed field, is concerned with the different Uviqg 
spedes, not in isolation, but as interrelated parts of a sii^ 
web of life ; already it has produced results of great service 
to the breeder and cultivator. Medicine, once the study^of 
diseases, is becoming the study of health. Psydiology, in 
its widest sense, treats of the most fascinating problem of eU~ 
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it is just beginning to explain the working and evolution of 
mind, from its dim origins to its strange and often devious 
workings in the culminating human species. Any one of 
these sciences can be studied independently of the rest, but 
they all interact and illuminate each other. 

This volume deals with one only of the many branches 
of biology. It is in all essentials complete in itself, and can 
be read as a single treatise. 

But it also forms part of a more ambitious project — TXe 
Science of Life — ^whidi aims at presenting, for the lay reader, 
a complete survey of the main results of biological science. 
This work was originally published as a single volume. In 
preparing the present edition the text has^een divided into 
nine separate volumes, each complete in itself and each 
dealing with one particular division of biology. The 
opportunity ha*s been taken to correct errors in the text 
and to bring it up to date. Together the nine volumes 
form an integrated whole. Accordingly, here and there 
in this volume, the reader will find references to others. 
These cross references indicate passages in which the topic 
under review links on to other subjects. In no case are they 
essential to the understanding of the argument of the separate 
volume in which they occun But the reader interested in 
heredity, for example, will find that the subject is intimately 
linked with evolution ; while one who is studying the past 
history of life is likely to discover that this would become 
still more interesting if he were to have some knowledge of 
physiology and of animal behaviour. Those who desire to 
pursue such clues must do so in other volumes of the series. 

We hope that this method of making volumes on separate 
subjects available singly, while at the same time providing 
the possibility of a more general view in the series as a whole, 
will prove satisfactory both to readers who propose to con- 
centrate on a single neld and to those who have the ambition 
to study the whole subject of biological sdenoe. 
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THE DRAMA OF LIFE 


CHAPTER I 
HABITATS 

§ I. Ways and Worlds of Life. 

§ 2. Habitats and their Inhabitants. 

§ 3. Ways of getting a Living. 

§ 4. The Adjustment of Inhabitant to Habitat 


Ways and Worlds of Life 


T he home of Mr. Everyman is a house in the suburbs, 
between aty and country, with a litde garden 
attached. It is the average home of the civilized 
man. This small portion of the earth’s surface is the abode 
of a multitude of living creatures, each fulfilling its own 
biological destiny as best it may. Each has its own way 
of life, each inhabits its own private world. Each lives 
self-centredly — the other existences with which its own 
intersect are for the most part not even suspected. And 
yet the whole assemblage of lives is biologically entwined ; 
it forms an interlocking whole. 

In this little domain there live Mr. and Mrs. Everyman, 
with their son Master Everyman, one domestic servant, a 
tabby cat and a fiix-terrier. Mrs. Everyman looks after die 
flowers, while Mr. Everyman makes himself responsible for 
r|ie small vegedMe plot at the far end of the garden. Hoe 
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also Master Everyman has a couple of hutches with tame 
rabbits. 

Mr. Everyman is an active member of a large economic 
community. He goes off every morning to work or busi- 
ness. Mrs. Everyman is, as the phrase goes, ** economically 
dependent ” ; but she is the head of the litde family world. 
The domestic life of the couple is on the whole exemplary — 
harmonious and agreeable. But Mr. Everyman finds it all 
but impossible to make his wife take an interest in business, 
while she finds him somewhat impervious in matters of 
dress and in local church affairs. The two get on very well 
^jpgether, but every now and then one of them is arrested 
PEkbre a gulf of incomprehension of^the other’s secret 
^being. 

As for Master Everyman, he is a source of mingled pride 
and trouble. Both his parents have really quite forgotten 
what it was like to be eight years old, and their idea of his 
j^lfVate world, consisting as it does of a few meagre recol- 
plktions, stuffed with rose-coloured retrospective sentiment, 
inflated with adult morality and with parental ambition for 
their offspring, is very far from tallying with the reality. 
He pursues his own way of life as best ^e may. 

So does the maid* Mr. and Mrs. Everyman treat her 
kindly, but they do jiot mak^ much of an efiFort to under- 
stand her peculiar inner life nor to discover how she spends 
her time on her evenings out. Her life is interlocked with 
theirs in a hundred ways ; but it remains intensely separate. 

And when we come to the sub-human inhabitants the 
separateness and the mutual incomprehension increase. The 
Everyman fox-terrier is an affectionate dog, with the ^trong 
sympathy for his human master which so strangely charader- 
izes the domesticated canine mind. He cringes to a reproof 
is seized with tail^wagging at a cheerful word, and is t^wn 
into a paroxysm of wri^ling sentiment by forgiveness after 
a misdemeanour. But when he escapes from this humae 
liaison, into what a queer diversity of existace he phn^es 3 
All orgy of sfodls, a ^eligntful rummagkg in ordu^ iIm 
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Strange but rigorous canine social life with its olfactory 
etiquette. 

llie cat is even further removed from its human masters. 
It likes being stroked, but that is almost its only rapport 
It is an alien being, with its slit-like eyes and nocturnal 
habits. It is perhaps most alien when, impelled by love, it 
howls and caterwauls upon the roof. But it exists always 
in a private world which only includes the Everymans in an 
objective, physical way. 

A great part of its interest is concentrated upon the 
family stock of mice, who for some years have been estab- 
lished behind the wainscoting. Their life is a timid, twitte^ 
ing thing — pattering expeditions, lured on by good smeltip 
out into the open kitchen or larder, with scuffles and rushes 
back into holes and the dark safety within. Puss mean- 
while is wound up by the smell of mouse into a special 
feline activity — long periods of intent watching at holes, 
twitchings of tail, alermess to poui^. ^ 

The rabbits in 4ie garden lead the most subordinate lives'^ 
of all Mr. Everyman’s hangers-on. Their vety matings aze 
controlled, '^^liat does Buck Rabbit think about it when he 
is ignominiously lifted by the ears and put, scuffling and 
kic^g, with a doe he has never seen ? We do not ^ow. 
Probably he does not think about it at all. But he fulfils 
his biological duty, and presoldy there is a litter of little 
rabbits to continue the nose-twitching acceptance of cabbage- 
leaves in the back-garden hutch. 

The cabbages are grown by Mr. Everyman in the {dpi 
near the rabbits. Th^ are organisms, too. But if 
have an interior world it is so dim as not to be worth botbei> 
ing^sdiout, so vegetable as to be meaningless to an active 
aninud organism like one of die Everymans. 

Master Everyn^ was mudl excited dipt summer hy 
Bndiog a chry^s on the fence near tlm cabbages. Iw 
fetber, q^ite conecdy, told him it belc«m^'to a Odduige* 
White butterflj^ and it was carefully pm ifi|p a bm m 
k|Aed at every But instead of modudnve a btlM^A 
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the Chrysalis became studded with a lot of little white 
cylinders, and out of each of these there hatched a lean and 
unpleasant4ooking fly. Master Everyman was bitterly dis- 
appointed. He wanted to see the butterfly. It was no 
consolation to him that he had witnessed a remarkable case 
of parasitism. The flies were ichneumon dies. Their 
parent had laid its eggs in the white butterfly's caterpillar, 
and the grubs into which they hatched had devoured it 
from the inside. 

Some years ago Mr. Everyman planted four little apple- 
trees at the end of the flower-garden, and now he is very 
proud because he gets seven or eight nice apples off each 
tree every autumn. He congratulates ♦nmself, but he for- 
gets to thank the bees. If it were not for these pertinacious 
little creatures, which visit his garden every fine day from 
a hive over a mile away, his apple-blossom would not have 
been fertilized and he would have had no apples. 

He is also quite obl||rious of his other garden allies. He 
loiows, of course, thsre there are plenty pf fat, juicy earth- 
worms in the soil he digs over : but, if he gives the matter a 
thought, he supposes that the benefit is all on one side, and 
that the worms ought to thank him for the provision of a 
home so admirably suited to their needs. Had he, however, 
v(Bad Mr. Darwin’s delightful book on the subject he would 
'realize that the benefit is mutual. The worms cannot thank 
him ; they do not and cannot know of his existence. Even 
should he cut them in half with his spade, all they can know 
is the fact of the bisection. However, they pursue their 
own existence, and in the course of that existence they 
aerate the soil with their burrows, and help to drain it. 
They are all the time breaking the earth up into the finest 
soil as they eat their way through it and bringing material 
the deeper layers to the surface in their castings* itr. 

I weryman is at least aware of the existence of earthworms, 
tut he does not ISispect that in every ounce of soil dbefiS 
mist literally faundre^ of milUons of bacteria, and that tsi 
iMx dhemhH activi^ depends the fenSity of his gardcol 
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Nor does he know that this microscopic floya fais its jniodpi^ 
scopic enemies. Prowling through the soil are innumerahlb 
small amcebas which live on the b^eria. They am aU 
aquatic, but they are so small that they can travel about 
comfortably in the invisible film of water which clings to 
every grain in ordinary moist soil : if the soil dries up, the 
bacteria and their enemies alike pass into a passive resting 
stage. He is quite certainly unaware of the fact, established 
by the Rothamsted Experimental Station, that the partial 
disinfection of the soil, or its partial sterilizadon by heat, 
will leave most of the bacteria alive but kill most of dicir 
protozoan enemies, and that this will promote fertility. If ' 
he had a greenhouse this fact might be of considerable 
importance ; greenhouse soil often goes “ sick,” and it 
used to be the practice to throw it away and get fiesh soil 
in. But we now know that the condition is due to too^many 
protozoa and that killing them by heat will very cheaply 
restore the soil’s fertility. ^ 

We must not forget Mrs. Eve^gmian’s pretty flowers. 
They charm the senses by their colour i^ld smell* — an 
apparently unnecessary gift of beauty ; they appeal by their 
tender green and their punctual growth, their reachings 
upward to the light. The Everymans, however, have 
probably never reflected that the green is life’s badge Oif 
factory labour, the outward and visible sign of an inwatd 
chemical grace; that the plants’ ways of sproudng and 
growing have been imposed on them during evolution by 
die unceasing struggle for moisture and light, in 
millions that did not come up to the standards of 43^^ 
environment have been ruthlessly massacred ; and thai dif 
beauties of their flowers have a purely commercial basii af 
iwivertisement to insects. Taking diis as a ba^ man 
stefipedinandconstiiictedbiologii^momtrosities. GeMt^ 
dons of^gardeners and seedsmen have laboured to prodiifid 
double flowers that are sterile because rq>ro(hlClhW 

parts have been converted into mere fdiowy penAi; W 
manufacture plantt^ like many roses, diat can be con* 
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tinued^by the unnatural process of grafting ; to bring into 
existence delicate strains that would never have a chance in 
nature. In garden flowers man has taken beauties generated 
by hard necessity and distorted them to serve his oWn sen- 
suous and emotional ends. Biologically speaking, garden 
jSowers are parasites on the Everymans’ aesthetic longings. 

Besides the flowers there are the weeds. Ill weeds grow 
apace, and Mrs. Everyman often wonders why such nasty 
plants were created. But the weeds’ extraordinary capacity 
for sowing themselves and coming up where they are not 
wanted is no less a product of struggle and selection than 
the colours of the flowers, and what are weeds in a garden 
are essential elements in natural veg(#ation. A bare patch 
on the face of earth is in a few decades covered with rich 


natural vegetation again ; and what we call weeds are among 
.the inpst important colonizers of unoccupied soil, preparing 
it for finer types, paving the way for the full climax of 
plant-life. 

Nor let us omit the ubiquitous bacteria and moulds and 
other micsobM; Their spores float in every breath of that 
air Mr. Everyman breathes, lie settled in every dusty comer. 
They turn his meat bad in hot weather, they sour his milk 
without a by-your-leave, they turn his bread mouldy if he 
leaves it too damp. A new strain of influenza microbes, 
started maybe in North-West Canada, or in Central Asia, 
sweeps across the world. The minute specks of disease- 
producing life infect Mr. Everyman as he travels to business ; 
ht^ brings them home and they pullulate in triumph through 
'timtbodies of his wife, son and servant. 

And we had almost forgotten to tell you that the dog 


has worms; that introduces another l^e categoty ^ 
^pijkiiais to add to this suburban menagerie. ^ 
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Habitats and their Inhabitants 


All this variety of ways of living exists in one little patch 
of earth’s surface. We must multiply it many thou$and£c}ld 
if we take in the whole earth, with all its innumerable 
habitats, from pole to equator, jungle to desert, high moun- 
tain to deep sea. The result is overwhelming : our minds 
cannot hold its abundance without the aid of some principle 
of arrangement. Confronted with the same difficulty when 
we set about the descriptive cataloguing of the many hun- 
dreds of thousands of living things, we found that a classifi- 
cation based on resemblance in structural plan brought 
order into the chaos. With this to guide us, we cotild 
pigeon-hole our creatures, could brigade them into ^groups, 
could systematize the crowd into an evolutionary army in 
which each had its definite place. 

This we did by concentrating our attention on con- 
structional plan and leaving way of life out of consideration. 
The fish-like whales and porpoises were put with thejl 
mammals, the snake-like slow-worm with the lizards. Bui^ 
every organism, if it must have its own plan of construction, 
must also live in its own way. And now the opposite aspect 
of the variety concerns us; we are interested in function 
more than structure, and are seeking a principle to help 
us classify creatures not by their blood-relationship but by 
their ways of life. What interests now about whales is Upt 
their past derivation from land-mammals, although thiflf lbs 
left its impress indelibly upon their construction, but tfadr 
^^parine way of life, and the fact that some are adapted Id 
straining off tiny Crustacea and molluscs from the sea-weW» 
while others are fiercely and frankly carnivorous. 

The simplifying idea which serves us here is also an 
evoludonaxy one. It is the idea of the moulding force 
exerted, direody or indireedy, upon the mganism by its 
environment afid its method of gfeng a livdlihoodt 
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Life is often thought of as insurgent, a rebel rising against 
the limitations imposed upo it by outer nature and sur- 
mounting them. That is one aspect, and a very essential 
aspect of life. But if progress and the overcoming of 

f culdes by what we may metaphorically call biological 
ndon are the cardinal aspects of life when looked at in 
perspective of geological time, quite other aspects loom 
largest when we survey it as it is spread over the surface 
of the globe to-day. To such inspection, the main types 
of life — phyla, classes, orders — appear as definitely estab- 
lished and fundamental things ; the rare “ biological inven- 
tions ” of life have taken place in the past and we take them 
for granted ; what chiefly strike us iiflhe present are the 
various ways in which these leading patterns have been 
adapted to diflFerent detailed conditions, the extraordinary 
plasticity of each of the main types of life’s construction 
under tiie influence of diflFerent habitats. 

In considering this plasticity and its results, there are two 
moulding forces which have to be taken into account. One 
is the eflFect of the organism’s habitat, the other the ^effect 
^f its way of life within that habitat. All animals and 
plants that live in the surface zone of the sea must in some 
way^r other be able to keep themselves from sinking ; all 
oave-animals must be adapted to darkness; all intestinal 
parasites to a shortage of oxygen. But in the sur&c8 layers 
of the sea one animal swims, another floats ; one sifts and 
eats microscopic plants, ano^er catches and devours large 
antinals. In die intestine one parasite anchors itself, another 
wri gg les freely about; one absorbs ready-digest^ food, 
another eats it when only half-digested. Our f^t and ipain 
simplification will be to ^vide the realm of life into a numbM 
«of habitats, qinch with its own distinctive conditions ; aM 
then to study the way in which the animals and plants have 
become ad^ted to diese conditions — in brief, how the 
habitat moulds its inhabitants. 

Brides this, we shtfi^so have to take some account of 
dhs different ways of iBe possiUe within eadi habitat, andh 
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see how diey too mould the creatures which adopft them. 
But different ways of life are linked together. Carnivore 
eats herbivore, herbivore eats plants, plants live largely on 
the products of animals and their decay. Brought back 
from a contemplation of the variety of life to its ini; 
relations and to its unity, we shall find ourselves devof( 
the concluding chapters of this volume to what we 
call the Economics of Life, the science of vital intercon- 
nections which is termed Ecology. But our first business 
is to set forth some of the varied spectacles of life that are 
revealed as we pass from habitat to habitat. 

It is true that the biosphere, as the life-inhabited zone of 
earth is sometimes styled, is a mere skin. About ninety- 
nine hundredths of living things are crowded into a “ life- 
skin” not more than a thousandth of the earth’s radius 
in thickness, and occupying about one-third of one per 
cent, of its volume. Such a skin on a regulation-size Assodan 
tion football would be less than of an inch thick. Even 

if we take in the rare extremes, this thickness need only be 
multiplied by four or at most five. In spite of this, the 
biosphere sl^ is extremely varied in the homes it offec^ 
to life. There are first the differences in medium — ^air, 
earth, water ; differences in salinity from almost pure Ipfater 
to the^Dead Sea’s more than twenty per cent, of salts; 
differences in temperature from hot springs that are nearly 
boiling, down to many degrees below feeding ; differences 
in pressure from well below half an atmos^ere on big^ 
mountains to several hundred atmospheres in the deep 4Mi ; 
differences in light from the intense tropical sun to die 
utter darkness of caves, of the oceanic abyss, or of an 
lihimal’s gut. And all these various differences of tempenii* 
ture, light and pressure, of climate andsituatkni^may beoom** 
bined in an almost bewildering multiplidty to give the actual 
habitats in which animals and plants live out their lives. Of 
these we need not here give any detailed or formal dassifioar 
don; but bdfor^ we go on to desaijttion, it wilUbe as well 
"^Dtidimd ourselves of chief kinds c^^tats avf^dble 
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The tjriginal home of life was water — sea-water. The 
whole of the sea is inhabitable, both the firm bottom and 
all the vast succession of layers of open water in which life 
must float or swim. 

As the shore is approached, and the influence of the 
tkles and the waves is felt, conditions change, and a multi- 
plicity of new habitats are provided. Climate too makes 
itself felt ; there are no coral reefs in the arctic. And here 
and there special conditions make special habitats, such as 
that weedy Atlantic slackwater known as the Sargasso Sea. 

Then there is brackish water, bridging the gap between 
the habitats of the sea and of inland w^rs. Inland waters, 
in spite of their small extent in comparison with the sea, 
provide an amazing diversity of habitats. There are salt 
lakes far saltier than the sea, there are almost saltless rivers. 
There are hot springs, and arctic waters that spend most 
of their time as ice. There are running ^ters of all degrees 
of turbulence, and there are deep and quiet rivers. There 
are lakes big enough to be oceans in miniature, with their 
own deep-water unilluminated zone and their various layers 
of free-floating and free-swimming life. And from these 
huge bodies of water there is every gradation down through 
ponds and pools, to temporary puddles, to the Lilliputian 
lakes that collect in the hollows of old trees, and to the mere 
films of water on leaves or sticks or between grains of soil, 
that can still harbour microscopic swimming life. 

As lagoons and estuaries connect the worlds of sea- and 
fresh-water, so the worlds of water and land are connected 
by the transition zones of shore, o( temporary pools, of 
swamps and marshes and mud-flats ; and all these linking 
habitats will be differently populated according as they ard * 
fresh or salt. 

The, habitats provided by land are perhaps the most 
varied of all. There is the strange world of the soil itself 
comprising the animals and plants wholly or mainly con* 
fined to a life below fpxiund, embedded in or burrowing 
through the earth. But the greater number of land-habitati 
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differ profoundly from those of water in being psactically 
restricted to two dimensions only, spread over the surface 
that divides earth and air. Aquatic life exists in three 
dimensions ; land-life is like a film. The inhabitants of diis 
surface zone differ according to climate far more than do 
those of the sea, even of the Sea’s surface. So far as landlr 
plants are concerned, climate is the overruling factor, and 
any broad classification of their habitats must be drawn on 
climatic lines. We have arctic habitats, sub-arctic, tem- 
perate, sub-tropical and tropical ; besides these zonal 
divisions, there are divisions according to altitude — plain, 
hill and mountain. Finally, these habitats can be further 
classified according to soil conditions. 

With land animals, on the other hand, habitats are more 
an affair of the environments provided by plants; the 
influence of climate upon them is at one remove. 

One important ailimal habitat, for instance, is the arboreal ; 
the modifications induced by living in trees are more 
striking than those related to the climate in which the trees 
happen to grow. In forests, especially tropical forests, 
animal as well as plant life is stratified in horizontal layers, 
almost as in the sea; there is the tree-top layer, several 
layers in the less well-lit habitat of the region below the 
tops but above the ground, and the ground-layer between 
the trees. 

The characteristic vegetation of steppe, savannah and 
tundra is the chief agent in making of each of these a distinct 
animal habitat ; and the very absence or limitation of plant- 
growth in deserts is one of the characteristics most important 
for their animal inhabitants. Caves afford a minor but 
interesting habitat to land and to fresh-water life; and 
another peculiar habitat is that now provided by man, in 
his buildings and 3rards, his fields and gardens, to special 
types, like sparrow and cockroach, that can take advantage 
of the opportunities so richly provided there. 

Air as a habitat is in a certain j^ense less important than 
eidier earth or water, since no organisms inhabit it per- 
il 
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manen%, but only between terrestrial or aquatic interludes. 
Nevertheless, it exerts a potent moulding force upon the 
creatures who have taken, however temporarily, to existence 
in its medium, and may properly rank as one of the larger 
habitat divisions of the earth. The less temporary and 
iiccasional, however, is the stay of a creature in air, the less 
does any subdivision of aerial habitat become possible for 
it; and it is symptomatic that the greatest mobility and 
range over the earth’s surface found in any non*human 
species occur in the birds. This is, if you like, the obverse 
of the fact that the only satisfactory classincation of flying 
creatures is by the habitats they frequ^t when not in die 
air — ^water-birds and water-insects against land'^irds and 
land-insects, and so on. 

There remains one furdier major t3q>e of habitat, which 
is neither earth, air nor water, but rather fish, flesh or fowl ; 
it is the habitat provided by the living bodies of other 
creatures and occupied by the horde of parasites. It is a 
habitat within a habitat : none the less, its moulding effect 
on its parasite inhabitants is striking in the extreme. And 
in variety it does not yield to any other main kind of habitat. 
A parasite may be external or internal t it may live in or 
9n an animal or a plant : it may inhabit blood or muscle 
or intestine. 

The com^n frog is an excellent example of their vagety 
and abundance : it is a litde zoological g^en of parasite 
life. Besides various kinds of bacteria in its gut, every 
specimen harbours a swarm of big ciliate protozoa of several 
l^ds in its rectum, a roundworm and a fluke in its lungs, 
more flukes in its bladder. Sporozoan parasites are common, 
flagellates occur regularly, fungi may attack the skin, and 
th^e are literally dozens of rarer parasites of various kinds. 

The world of parasites is a major world of life, worthy 
to tank with the worlds of sea, of fresh-water and of land 
in the"iiund 3 er of its inhabitants and the variety of their 
ways of living. 
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§3 


JFays of getting a Living 

In each habitat, different organisms live in different ways. 
One takes advantage of one set of opportunities which the 
habitat provides, another of others. Different creatures 
surmount the same difficulties by different methods. Accord- 
ingly, even in one and the same habitat, there will be many 
modes of life. ,The modes of life hinge first upon food, 
and then upon reproduction. And since the verb to eat 
is^conjugated by life as much in the passive as in the active, 
modes of life in relation to food will include not only modes 
of feeding but modes of avoiding being fed upon. In this 
section, however, we shall illustrate our point with reference 
solely to ways of feeding. 

The first great division in regard to feeding is that 
between green plant and animal. The green plant, strictly 
speaking, does not feed at all ; it makes its own foc^ inside 
the living factories of its cells, taking in the simple raw 
materials it needs from the inorganic medium in which it 
lives. The animal, on the other hand, can only utilize 
carbon and nitrogen in ready-made organic form; % 
profits by the green plant’s labours. 

Xherd are also subsidiary modes of plant ii||trition, such 
as that of most j^ngi, which need organic^ compounds, but 
of a much lower complexity than those required by animals ; 
and the special inodes of nutrition pos^le to nitrogen- 
fbdng and other forms of bacteria. Every groups of phnts 
has dso its parasitic representatives, and in the flowering 
plants there are some which are ** carnivorous/* 

All animals, on the other hand, get tiieir food either 
direcdy\or at one or more removes ^m green plants. The 
usual divinon is into herbivores and camhroies, but pee* 
haps the best classification is into what may be caBed mkeo- 
fedets, whkdi live upon rebtivdy minute particles, engulfiiig 
them without any sdection, and maat>-fee^l^ whmh 
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usually Itelect their food, and in any case take it in relatively 
large portions. 

The word reladvely is used of set purpose. A whale- 
bone whale swims its devouring way through swarms of little 
Crustacea or butterfly snails, taking 10,000 at a gulp. It is 
obviously using a micro-feeding method ; yet one of these 
identical molluscs or Crustacea, if captured individually by 
a small fish or medusa, would be a victim of macro-feeding. 

The most general method of micro-feeding is to produce 
a current of water, usually by means of cilia, and then to 
sift out the contained food-particles from the current by 
some mechanical device. This is ado^^d by all sponges, 
sea-squirts and bivalve molluscs, many worms, Polyzoa, 
and other forms, including Amphioxus. The other main 
method is based upon chemical instead of mechanical sifting. 
The animal, instead of passing a current of water over its 
tentacles or through its gills, eats its way through its sandy, 
earthy, or muddy surroundings, and forces a column of the 
unpromising material through its tubular gut ; the digestive 
juices dissolve any nutrient matter present, and this is then 
absorbed, while the remainder is passed out at the anus. 
This is the method of earthworms, lugworms, Balanoglossus 
atid heart-urchins. 

The essence of these micro-feeding methods is their 
automatic nature ; the animal does not in any way select 
its meal, but its food is simply filtered or digested off from 
the liquid or solid medium in which it happens to lie. 
Occasionally, however, some selection enters in ; herrings 
and whal^ choose patches of sea rich in plankton, and some 
of the sand-eaters appear to reject certain types of particles. 

In general, however, all is grist that comes to the micro- 
feeders’ mill, and they are essentially omnivores. If some, 
like whales, are predominantly animal-eaters, and. others, 
like the minute Tunicates known as appendicularians, pre- 
dominandy vegetable^ters, this is an accident, determined 
much more by the size of the oiganisms eaten than by their 
vegetable or animal nature. 
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Macro-feeders, on the other hand, often show^ more 
specialization in their food. Since they take large mouth- 
fuls, they need different kinds of mouths and teeth for 
animal and vegetable food, and, still more important, very 
different arrangements are required to catch and hold an 
active animal from those needed to browse upon stationary 
and unresisting grass or trees. 

Vegetable macro-feeders, however, if less interesting in 
regard to their methods of securing their food, show numer- 
ous adaptations for its proper utilization. In the first 
place, the nutritious parts of green plants, the cell-contents, 
are all shut up in their little cell-wall boxes, made of cellulose 
(or even of wood), which is as indigestible to almost all 
animals as it is to us. A vegetable-feeding animal with no 
device for breaking open these microscopic boxes would 
be just as helpless as we are when all we have to eat is a 
box of sardines and we have lost the opener. 

The usual method of box-opening is mechanical tritura- 
tion ; this may be done by rasping organs, like the radula 
“ tongue ” of snails, or by regular grindstones of teeth, as 
in a cow or an elephant, or by grinding gizzards, whose 
grinding power often depends on sand or stones deliberately 
swallowed, as with many birds. In addition, bacteria may 
be enlisted to break up the 'cellulose chemically, as in the 
gut of many hoofed mammals. 

Owing to the bulk of cellulose, and the need for time 
to dissolve out the contents of the cell-boxes, the gut of 
herbivores is, almost without exception, relatively longer 
than that of carnivores, and often provided with verminous 
outgrowths (like the caecum in a rabbit, for instance), in 
which the food may be stored while it is exposed to bacterial 
action (Fig. i). 

Most lierbivores eat the green parts of plants, and may be 
roughly divided according to their method of eating. 
Thm are-grazing types, whose green food^ often relatively 
small, is spread out over a suri^ ; examples of these are 
^heep, ftesh-water snails, and those small caterpillars wfakh 
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^Hieidy eat away the surface of the leaves over which they 
crawl. The browsers, on the other hand (though there is 
every intermediate gradation), in general take portions 
from larger plants. There are fishes that bite pieces off 
the large seaweeds; giraffes and most deer browse off 
trees ; many caterpillars take respectable mouthfuls out of 
the ^ges of leaves. Finally, diere are the miners and 
borers, so small in relation to their food that they live not 
merely on but in it. The leaf-mining caterpillars and 
grubs of various moths and beetles are the best known 
examples. These eat their way through their environment 
just as do the sand- or mud-eaters ; but what ^jje herbivorous 
miners eat is all food, while the food of the soil-eater must 
be digested out of a mass of unnutritious material. 

Besides the main type of green-eating herbivore, there are 
vegetable-feeders adapted for eating other parts of plants — 
fruits, seeds, bark (including even cork), wood, roots^ 
tubers, the sap, special secretions like nectar, and even the 
pollen. In many cases the smaller animals live in their 
food, the large come and bite it off. There are, for instance, 
plenty of fruit-inhabiting and grain-inhabiting insects, as 
well as animals which eat fruits or seeds in a more ordinary 
way, such as toucans and fruit-bats on the one hand, finches, 
nuthatches and harvestet-ants on the other; and there is 
even a Malayan squirrel which, after gnawing a hole in a 
coco-nut shell, gets right inside for the business of eating. 

Among carnivore macro-feeders, there are as many 
adaptations as among herbivores. The tearing and cutting 
teeA of yolf or tiger are but one type. The teeth of some 
t3ys are turned into shellfish-crushers; of various bony 
fish into beaks for biting off coral. Whelks bore holes 
in the shells of their bivalve prey. Snipe and woodcodt 
have beaks converted into sensidve and flexible worm- 
detectors and pincers ; those of herons are converted into 
feh-Spears, of hawks and owls into flesh-tearers. Ways of 
ufe are as multt&rious as habitatf ; and both set their stamp 
upon living creatures. 
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S4 

The Adjustment of Inhabitant to Habitat 

It is an obvious fact that on the whole animals and plants 
fit their surroundings ; there is a definite correlation between 
tile peculiarities of inhabitants and those of habitats. A 



Fig. 1. — ^Adaptation to Difpsrent Kinds of Dht. 


A cat and a rabbit of the same weight, with their stomach and intesdnes 
on the same scale. Note the big blind-gut or oecum of the rabbit. 


few examples will illustrate the point better than pages of 
generalities. In the high northern latitudes, white birds 
and mammals occur in hi larger proportions than dse* 
where ; while in deserts ^e preponderance of bufl^ fiiwn 
and sandy-coloured aniiAs is equally noticeable* Or 
again, an unusual percentage of the inhabitants of the sur&oe 
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layersrof the ocean possess one or more of the following 
peculiarities, which are rare elsewhere — either glassy trans- 
parency or else blue colour; long, projecting spines or 
flaps; bell-shaped construction. Below about a hundred 
fa^oms, on the other hand, the majority of animals are 
either black or red (both colours being uncommon in most 
other parts both of sea and land) and possess luminous 
organs ; and their eyes are either abnormally large or else 
abnormally small or absent. 

The preponderance of deciduous, non-coniferous trees in 
the temperate zone, of evergreen conifers in higher latitudes 
and on mountains, and of evergreen non-ccijifoous trees in 
tropical forests is a good example of correlation of flora 
wiA environment ; and the unusual abundance of succulent 
plants in deserts and near the sea is another. 

Half a century ago, almost everyone would have un- 
hesitatingly accepted such characteristics as adaptations which 
in some way conferred biological advantage upon their 
possessors. But there has been a reaction against a too 
facile application of ’Darwinian principles, and nowadays it 
is realized that there may be other interpretations for such 
facts as these. 

As an example, let us take the similarity of the colour 
of desert animals to their surroundings. This is often very 
marked; and the older naturalists presumed that it had 
arisen through its conferring on its possessors a cloak of 
comparative invisibility. Later students of the problem, 
however, like P. A. Buxton in his Animal Life in Deserts^ 
point out a number of difficulties. The most striking, 
perhaps, is that a number of desert animals which are wholly 
nocturnal, and therefore, one would think, can receive 
neither benefit nor the reverse from their coloration, are 
yet of this same sandiness of colour. He therefore concludes 
that one or other of the conditions of desert etistence must 
act more directly upon the desert’s inhabitants, forcing 
%jstn to become sandy, whethj^it is advantageous or not. 
There is, in fact, as J. A. Allen long ago pointed out, a 
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i frequent geographical correlation of a more general ftature 
than that between deserts and sandy colour, namely, a 
gradual darkening of the colour both of mammals and 
birds with humidity, a lightening with aridity; and it 
might be supposed that the amount of water-vapour in the 
air directly influenced colour. As further complication, 
however, desert creatures closely related to sandy-coloiired 
species (and this occurs among mammals, birds and insects) 
may be very conspicuous, black being a frequent colour; 
and yet such animals seem to be just as successful" as their 
inconspicuous relatives. 

There the problem stands. Upholders of the theory of 
adaptation will urge against Buxton’s views that, in the 
brilliant atmosphere of the desert, it is just as important 
for an animal to blend with its surroundings on a moonlit 
night as it would be by day. And the supporters of the 
“ direct action ” view must, of course, admit that even if 
light sandy colours were first produced as the result of 
aridity (or some other condition of desert climate), witli 
no reference to their biological value, yet when produced 
they would be likely to have biological value for many 
species, and would therefore be perpetuated. Their con^* 
cealing qualities could later be perfected by Natural Selection 
if appropriate mutations turned up. 

The temptation to interpret the facts in terms of the 
inheritance of acquired characters is a strong one. It is 
true, as Beebe showed, that in some species humidity and 
aridity have a direct effect upon the colour of individuals.. 
This is so, for instance, with the dove, Scardafella inca, 
which when kept in a very moist atmosphere gradually 
assumed the dark colour characteristic of the sub-spedes 
found naturally in moister climates. But in certain other 
examples, such as the American deer-mice of the genus 
Peromyscus, the case is different. The various sub-spew 
^of the common Califomian^eer-mouse show a considerable)^ 
d^ree of parallelism betmen their coat-colour and die 
prevailing colour of their surroundii^, the sandy tofie of 
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diose ^rom arid habitats being very noticeable. But when 
these were bred by Sumner under experim^tal conditions, 
he found that the characteristic colours of the fur persisted 
unchanged in spite of quite new conditions of temperature 
and moisture. In other words, we are presented with the 
phenomenon of a visible character having sometimes to 
be produced afresh in each generation as a response to 
environmental conditions, in other species being produced 
in all kinds of conditions owing to hereditary factors. 

The problem can only be solved by new observations 
and new experiments. The question whether such habitat- 
correlated diaracters are advantageous to aj^ or to some of 
their possessors can only be settled by intensive work in 
the animals’ natural surroundings ; while, whether they are 
useful or not, the question as to their method of origin — 
by modification in each generation, by Lamarckian means, 
by induced mutations in the germ-plasm, or by random 
variation guided into certain channels by Natural Selection — 
can only be settled by a painstaking combination of physio- 
logical experiment and breeding tests. 

Moreover, there is an important theoretical consideration 
that has often been overlooked. An adaptive character 
may give its possessors a definite advantage over other 
meml^rs of the species, and so in the course of generations 
automatically become a character of all the members of the 
species; and yet it may confer no advantage upon the 
species as a species. This principle of what is called intra- 
specific selection is very possibly applicable to the persistence 
in deserts of sandy-coloured and conspicuous animals side 
by side. If variations crop up in the direction of sandiness 
and consequent concealment, they will gradually oust the 
other colours of the species. But if they do not, some 
species may persist quite happily in spite of conspicuous 
cdouring. 

In general, however, it must be admitted that probably ^ 
\he great majoriQr of these oRrelations with habitat are 
adaptive; tile most reasofiEable explanation at present is 
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that they have arisen under the guiding action of Natural 
Selection. The existence of the same type of structure or 
habit in a number of difierent species in one habitat is not 
only an interesting fact, but it also constitutes prima facie 
evidence for the adaptive nature of the structure or habit 
in question; and when we can reasonably interpret the 
structure or the habit in an adaptive way, though we are 
not thereby exempted from the duty of putting our inter- 
pretation to more decisive tests, we are justified in so doing 
as a working hypothesis until evidence to the contrary is 
forthcoming. 

Accordingly, what we shall do in the following pages is 
in the main to illustrate the intense variety of living things 
by pursuing life through a variety of habitats. We shall 
also point out those peculiarities which seem to fit the' 
inhabitants to their surroundings ; but we shall not attempt 
to discuss the evolutionary origin of these adaptations. 
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LIFE IN THE SEA 

§ I. Life in the Sea. § 2. The Surface Life of the Sea. 

§ 3. The Deep Sea. § 4. On the Floor of the Abyss. 

§ 5. Seashore Life. § 6. Coral Re^s and Islands. 

§ 7. Holes and Comers of ^a-life 

U 

Life in the Sea 

T he sea provides a vastly greater space for life to 
inhabit than does the land. Not only does it 
extend over more than two-thirds of the surface 
of the globe, not only does it lack all blank lifeless areas such 
as are found on land in the Antarctic ice-cap or the tops of 
the great mountain ranges, but it is inhabited in three dimen- 
sions. The average depth of the sea is somewhere about 
12,000 feet, and all of this vast body of water (save possibly 
a few of the deepest pockets) has its inhabitants. It is true 
that below the limits to which light penetrates the sea’s 
population is sparse ; but even so, it is richly inhabited to 
a depth of 150 to 200 feet, and inhabited by a wonderful 
multiple population, layer below layer, each layer different 
from its neighbours. 

And yet the number of kinds of creatures that live in it 
is very much inferior tb the number of kinds that live on 
land. The last dme that a detailed analysis was made (in 
1898) Only 85,000 species of aquatic animals — and this is 
induding die fresh-waters with the sea — ^wete on record^ 
as against 327,000 land-^mimals. The difference was doubt- 
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less due in part to the greater attention paid to the inhtbitaiii|f- 
of the land ; but in spite of this factor the comparative 
richness of the land-fauna cannot be denied. This paucity 
of species is apparently a direct result of the much greater 
uniformity of conditions in the sea. Nor is there any 
isolation of one part of the sea from another as there is 
between bits of land or bits of fresh-water ; it is a well- 
known empirical fact that isolation helps to generate new 


types. 

But this numerical poverty is offset by the greater variety 
of the main types of construction ; marine life may be said 
to ring fewer variations, but on more themes. Not one of the 
phyla of animals but has some marine representatives. A 
few classes of animals, notably the amphibians and centi- 
pedes, are altogether absent from the sea, and the biggest 
class of all, the insects, is extremely scarce in salt-water. But 
there are whole phyla of animals which are only found in the 
sea, like the lampshells and the echinoderms, and others, like 
the sponges and the coelenterates, which are almost all marine. 
Besides this there are many classes of the larger groups or 
phyla that include sea-animals only, such as the cephalopods, 
in some ways the most highly developed of invertebrates^ 
the sea-squirts, the radiolarians, amphioxus and its relatives 
— indeed, over a third of the number of animal classes that 
are recognized by zoologists. 

The explanation of this variety of type is doubtless an 
historical one : life originated in the sea. In this spacious 
home, life, evolving through long epochs, branched out into 
a great number of types, some lower, some higher ; but only 
a few of these succe^ed in making the advance into fresh- 
water or on to land. 


4r « « 

Sea-life is unlike land-life not merely in the strange and 
varied types of creatures that enjoy i^ but in odier more 
fundamental ways. Shelley vividly pictured its lovely pro* 
fiision. Listen to him as he spesis of die West Wind : 
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Thou who did’st waken from his summer dreams 
The blue Mediterranean, where he lay, 

Lulled by the coil of his crystalline streams, 

Beside a pumice isle in Biaia's bay, 

And saw in sleep old palaces and towers 
Quivering wi^n the wave’s intenser day, 

All overgrown with aztare moss, and flowers 

So sweet the sense faints pictunng them 1 Thou 
For whose path the Atlantic’s Ifevel powers 

Cleave themselves into chasms, while far below 
The sea-blooms and the oozy woods which wear 
The sapless foliage of the ocean, know 
Thy voice, and suddenly grow grey with fear. 

And tremble and despoil themselves : O hear ! 

S^4ife is as intense and as beautiful as he imagined it. 
But diere are no flowers and no woods : save in parts of a 
zone of shallow water round the coasts, the sea-bottom grows 
tio plants. The great bulk of the “ meadows,” “ shrub- 
beries ” and “ forests ” of the ocean are animal in nature, 
incapable of making their own nutriment. Even when 
roo^, stalked, branched, and to a casual glance completely 
plant-like, the growths on the sea-bottom are without leaves 
or dowers. Their branches and stems are hollow, so many 
stomachs ; they are studded with greedy mouths : and they 
owe their dower-like appeanmce to the cruel tentacles which 
bring about the capture of prey by snare or microscopic swirl. 

None the less, the green plants are there : they must be 
there, or the sea could not support life. If green plants are 
to exist in the sea, they must live in the light : and light is 
gradually absorbed a$ it passes through sea-water. Not only 
will nearly alb the ocean door be dark, and uninhabitable by 
green plants, but even in shallow waters, where light can 
reach the bottom, there will be more* light at the sur&oe. 
The great vegetable-garden of the sea is its top layer of water, 
some dfty yards deep. All over the watery surface of the 
^bbe^ even in the middle of the greatest oceans, there is this 
upper la^ of water that teems with green productive life» 
. rlants growing in dij« matine meadow need no absodnog 



LIFE IN THE SEA 


If they were large, they would need to be kept from»sinking 
in some way, as by gas-bladder floats. But the most 
economical solution of the problem is to remain microscopic. 
A given bulk of plant-tissue divided up into small smgle cells 



Fig. 2. — Diagram of the Zones of the Sea. 


Tile sun helps the seaweeds and microscopic sea-plants to build up Ihdiig 
substance. Tliey feed the sea-animals, l^t sufficient for abundant plant- 
hfe penetrates to about aoo feet ; pracncally no plants are found below 600 
feet. The creatures m the blackness of the deep sea axe all animab dqpcnd- 
ent on a food-ram from above. The sea-bottom usually slopes gpently at 
first to the edge of the continentaJ shelf, then dips steeply to about 6,000 
feet, then moie gendy to the abyss, little of which is over 24,000 fett deep. 
In the mam dxamam, the upper zones have bad to be exaggerated ; the tnie 
depth scale is £own m the inset. 

will posiseqs a far greater extent of sur&ce than if oambined 
into plant-bodies. The increased sur&oe will have two 
advantages. It will allow the maximum utilizadoti of li^ 
of the dissolved sahs of seapwater, for eadi odU 
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illuminated and bathed on all sides, and there will be no 
need of transport-systems within the tiny body ; and, since 
frictional resistance to sinking through the water increases 
with the increase of surface, small units of life can keep up 
in the water much more easily than large, and need not have 
recourse to special floats. The union of a thousand million 
cells would only make a very small bit of seaweed. But the 
proportion of surface to bulk in this would be only about 
one-thousandth of what it would be in each cell if they had 
all stayed separate. 

The floating inhabitants of open water are collectively 
called the plankton — “ that which is drifted^bout.” Plank- 
ton is another of those technical terms which sooner or later 
will fix themselves into common speech ; for it constitutes 
the main food-supply of the sea. Almost the whole of sea- 
life is nourished by the plankton. Plankton is the base of 
the sea’s yital pyramid, on which are supported almost all our 
food-fi^M, and even the great whales. 

The microscopic plants of the plankton are mostly of two 
types, diatoms and flagellates. The larger flagellates belong 
for the most part to the curious-looking group called Dino- 
flagellates, while many of the smaller belong to the equally 
curious group of Coccolithopfaoridae. 

In certain spots, at certain times, the crop of plant-plankton 
is so dense that it discolours the sea over large patches. But 
for the most part the plantlets remain invisible and un- 
suspected until tow-net and microscope are brought to bear. 
Even with the aid of the finest silk tow-net, however, many 
of the smaller floating plants are never captured ; and only 
in the last few years has Lohmann discovered the extra- 
ordinary abundance and importance of this dwarf plankton 
or nanno^plankton. In part he obtained his knowledge by 
centrifuging large volumes of surface water, and examining 
with a microscope the fine sediment thrown down ; in part 
he utilized the collections made by some of nature’s tow-nets 
~tbe filtering and straining apparatus of small dliaty feeders 
lil^ Appendicularia (a fiee-^wimming relative of the Sea- 
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squirts), compared to which the meshes of any tow-nA would 
look like wire-netting, for they catch objects down to 3/1 
across, and exclude everj^hing over 20// (i^=*ooi mm«). 

A great deal of work has been done in die last fifty years 
upon these tiny creatures ; and as a result we are beginning 
to know something about their distribution, their habits, 
and their multiplication. 

There is an orderly succession of different kinds of sea- 
drifting creatures through the year, just as there is an orderly 
succession of the growth and flowering of plants in a wood. 
In spring, the diatoms and other tiny plantlets begin to 
multiply ; following on their heels come swarms of small 
animals, mainly larvae which bottom-livers send up to take 
advantage of the diatom harvest; and their abundance, is 
the cause of muldplicauon of larger and carnivorous animals^ 
The plankton is at its richest in late spring ; by then the burst 
of plant-growth has exhausted most of the available nitrates 
and phosphates, and the surface-zone must wait for a new 
quickening until the winter cools the top layer of water. 
The cold water is heavy and sinks : unexploited water, rich 
in nitrates and phosphates, rises from the depths to take its 
place ; and the cycle can begin again as soon as the tempera- 
ture rises high enough. 

And there is an orderly distribution of the plankton over 
the roof of the sea. For chemical reasons, certain salts 
needed as plant-food are more abundant in cold than in hot 
water, and so plankton and surface life in general is more 
plentiful at either end of the globe, less plentiful round its 
middle. This regularity is interfered with by currents ; the 
Gulf Stream flows on ^e surface right up to the coasts of 
Spitsbergen, but then sinks below the polar water, which 
is less salty because of melting ice, and plunges downwards ; 
thus we may find warm-water forms descending to an in- 
evitable death, deep below the pack-ice of the arctic sea. The 
antarctic current brings cold water and ridi life far up the 
west coast of Sooith America. One day the life of the wotld*s 
seas will be properly explored ; and dien we shall be alHe 
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m diait them, season by season, according to die abundance 
of their basic food-supply, the plankton. A promising 
beginning has been made with the Atlantic. 

Naturally this rich marine meadow is pastured by swarms 
of animals, but, owing to the microscopic size of its con^ 
stituent plants, no large animals can browse direcdy on the 
vegetation ; there are no creatures of the open sea corres- 
ponding in their diet to cow or deer, elephant or hippopota- 
mus, or even to rabbit Or prairie-dog. All the herbivores 
here are small, often indeed minute, and constitute only the 
first links of die food-chains which culminate in whale and 
dolphin, bonito and mackerel, argonaut afd giant jelly-fish. 
This absence of large plant-eaters from the Sea meant that 
all die fishy ancestors of the land-vertebrates, and therefore 
the earliest land-vertebrates themselves, were carnivores. So 
the moulding effect of the environment radiates out from its 
original centre, affecting one remove of creatures after another 
and extending its influence even into another habitat Who 
would have imagined that the predominance of flesh-eaters 
among amphibians and the earliest reptiles was a consequence 
of die necessity that sea-plants should be microscopic in order 
to float the letter ? Yet so it is. 


§2 

The Surface Life of the Sea 

When Mr. Everyman takes his &mily to the seaside, and 
they all adventurously go out in a rowboat, they litde 
suspect, as they look over the gunwale, how full of life are 
the blue-green, choppy waters around them. Th^ could 
gain an idea of this Sundance if they provided themselves 
with a tow-net — a long conical net of fine muslm, or better, 
of bolting-silk of the sort used by millers to sl£t dour, to 
whose end is tfed a glass or metal container. If dns be towed 
padetidy bdiind a boatdor bl^ An hour or so at sbw rowr 
isig speM, it win coUeot a fidr saii4>k of the sea^s ^irfece 
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inhabitints« Take the sample home and look at it under a 
low power of the mia-oscope ; a new and strange world of 
life is revealed. If you have (^osen locality and season well, 
the variety of creatures will be extraordinary. Here are 
abundance of crustaceans, rowing themselves along by means 
of their long antennas. Some of them are adult and spend all 
their lives thus constantly active in the roof of the sea. 
Others are the babies of bigger bottom-dwelling creatures — 
crabs, lobsters, prawns, barnacles — ^which spend their larval 
existence here before sinking to the bottom. It is these 
immature larval forms which make up the great majority 
of this population (Fig. 4). 

For the surface zone is the sea’s main nursery. Drawing 
their nourishment either directly or indirectly from the 
minute plants of the plankton, the tiny glassy creatures can 
feed and grow here until they are big enough to cope with 
the different methods of feeding imposed by larger size and 
crawling life. There are fish eggs buoyed up with floats of 
oil, which presently hatch out into glassy fishlets, often 
amazingly different from their future adult selves. There 
are larvae of sea-urchins and britde-stars, looking rather like 
a painter’s easel turned upside down, larvae of starfish and 
sea-cucumbers, perhaps of sea-lilies; the “wheel-bearer” 
larvae of bristle-worms and of molluscs, often curiously alike, 
with a wheel-like girjHe of big cells carrying strong cilia. 
Later on some of the mollusc larvae grow tiny shells and a 
rudimentary foot. There are larvae of sponges and polyps 
and jelly-fish, of sea-^mats and other Pol3^oa, and the micro- 
scopic tadpoles that later degenerate and grow into sea-squirts. 

TTie sea’s nursery has its drawbacks. Of these millions 
of marine babies, only a minute fraction survives. If you 
send forth your new-hatched young unprotected into the 
world, you must expect a massacre of the innocents. They 
fall a prey to all kinds of small carnivorous creatures, glassy 
like themselves. Among these are the arrow-worms, rapid 
swimmm with cruel mouths ; battalions of jelly^-fish 
of every size, trailing their paralysing net of tentacles ; and 
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Ctenophores (comb-jellies) whose tentacles capture hot by 
their poison but by their adhesiveness. 

There are swifter and larger creatures too who profit by 
die abundance of surface life, like the mackerel wl^ strains 
off the plankton from the water-current through his gills; 
but these of course will elude your tow-net. 

Then of single-celled creatures there is a great abundance. 
Our temperate waters on summer nights may come alive with 
pinpricks of light; these are produced by the swollen 
spherical protozoan Noctiluca — “ Shine-by-Night.” Of the 
innumerable single-celled plants we have already spoken. 
Single-celled animals are not so abundant inshore ; but far 
out in the ocean the open water is full of Radiolarians of 
strange and delicj^te construction, together with some floating 
Foraminiferans. And these creatures are mostly so small and 
so transparent that men pass through the midst of them with- 
out even realizing their existence. Yet it is they which make 
our fisheries possible. 

In this section we shall consider mainly the well-lighted 
surface zone of the open sea, which is the prime generator 
of food for the whole ocean. But first we must introduce 
a couple of technical but necessary terms. All the open 
waters taken together make up the pelagic or open-sea zone ; 
here life must either float or swim. All the bottom con- 
stitutes the benthic zone, where crawling or burrowing or 
fixed attachment becomes possible. Both zones are to be 
divided again, according to depth, into the well-illuminated 
zone and the deep-sea or abyssal zone of darkness, with an 
intermediate twilit layer between. And both can be divided, 
according to their approach to land^ into the Utmal zone 
round the shore, and the great bulk of the waters, the high 
seas, outside. 

llie first need for the inhabitants of the surface zone is not to 
sink, not to lose contact with the^ light. Some creatures float 
passively. Others, which we may call the passive swimmers, 
make movements not to get anywhere in particular, but 
merely to keep up in the water. The more active slidmming 
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of stiM Others serves not only to pre\"ent sinking but to 
generate a food-current to be sifted. And finally there are 
the creatures which swim actively and deliberately seek their 
prey. Some of these, like the arrow-worms, are microscopic, 
but the larger, like whales and most fish, are big enough to 
^be able to set currents at defiance and migrate from place to 
place. These last are sometimes spoken of as the true active 
swimmers, while all the rest make up the drifting plankton. 

The plants of the sea are not nearly so passive as those of 
land. The diatoms of the plankton merely float ; but the 
dinoflagellates and many others use their flagji^lla actively 
and incessantly to help keep up in the waAr.^ The dino- 
flagellates and the diatoms also illustrate a common anti*^ 
sinking device, the increase of the amount pf surface relative 
to weight ; in their case this is achieved by long spines into 
which their body is drawn out. It is the same Captation 
that gives so many crustacean larvae their grotesque and 
gnome-like appearance (Fig. 4). In other pelagic creatures, 
die same end — ^increase of surface — may be attained in a 
variety of ways : by protruding spines or feathery hairs, by 
projecting planes, by a flattenihg of the whole body, or 
(combining surface-increase ^th muscular movement) by 
construction in die shape of a b^.v And any of these devices 
may be combined witix others for reducing specific gravity. 
The bell-shape is of course common in jelly-fish. But it is 
equally marl^ in many pelagic cutde-fish, and in the only 
pelagic sea-cucumber Pelago^uria. 

The illustration. Fig. 5, will show some of the fiuitastic 
|brms produced by the ne^ for spines or planes. &i some 
-cop^lliods resistance is effected by branched hairs whidi haV^ 
developed an extraordinaiy resemblance to feal^ers, both hi 
appearance and function, although dieir branches do imA 
interlock. 

tlie saltness of water and^still more its coldness mmsuft its 
viscosity, and dierefore its resistance to ol^ects siiddng 
diroui^ it This jdiysidd neeuUarity of the environment 
is se&qted in the most delicate way tn the anti-sinking 
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adaptations of floating life. In dinoflagellates, the projecting 
spines become more elongated in summer and in brackish 
^'ater. Similarly, feathery hairs are only found in the cope- 
pods of warm seas, not in polar species. When one and the 
same species of plankton-animal is found in polar and tropical 
regions, it is often -found that it lives at the surface in high 
latitudes, but in low latitudes floats deep, where not only 
temperature but viscosity is suitable. For the same reason, 
it would appear, floating animals inhabiting the same depth- 
stratum are smaller in warm than in cold water, for if they 
grew larger in warm seas they would sink deeper. 

The same fact often brings about a depthlstratification of 
related forms according to size. For instance, the different 
species of the Radiolarian genus Challengeria get larger as 
we descend, apparently being mechanically sorted out by 
their ability to float, and the same is true of arrow- worms and 
certain prs^wns and fish. A good example is the Atlantic 
fish Cyclothone micro Jon, Its average length is about i J inch 
at 500 metres depth, double as long at 1,500 metres. 

This anti-sinking trick of increasing surface is, it will be 
noted, often combined with some power of swimming. If 
the swimmers wanted to get anywhere in particular, the 
friction of the extra surface would hinder them ; but as their 
swimming is only meant to keep them up in the water, the 
spines and feathers save some expenditure of muscular or 
ciliary energy. The same is true for most of the other 
passive anti-sinking devices of pelagic life. 

As protoplasm is a little heavier than sea-water, any 
dilution of living bodies with water will lighten them and 
make them sink more slowly ; and if, as is usually the case, 
the water is bound within a jelly, this can help support the 
animals — it can act as a primitive skeleton. 

Among the ranks of water-swollen jellified pelagic sea- 
beasts are the horde of jelly-fish, in some of which all but one 
per cent, of the body is water ; all the comb-jellies and many 
sipbonophores ; swimming snSils, and even octoptises and 
cuttle-fish; a few transparent f^; and die remarkable 
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leaf-like larvae of the eels. In the pelagic sea-squirft, the 
Salps and Pyrosomes^ the same result is achieved by having 
the tunic of cellulose swollen with water. 

Other organisms do not merely dilute their weight but 
counteract it by accumulating lighter substances inside them- 
selves. Sometimes, as in the common phosphorescent Nocti- 
luca, the main flotation material may be merely water which 
is less salty and therefore lighter than sea-water. But in 
most cases, the much more efficient method of using fat or 
oil is adopted ; the creature is buoyed up by the microscopic 
liquid balloons scattered through its tissues. For instance, 
most small pelagic Crustacea have abundant fat in their tissues, 
as does the pelagic clam, Planktomya. It is no accident that 
the food-reserves in the liver of Selachians and the abundant ^ 
cod tribe are stored in the form of oil instead of the heavier 
glycogen of most vertebrates ; it is interesting to reflect that, 
since vitamin A is soluble in oil or fat but not in other 
substances, the desirability of a low specific gravity has led 
to this vitamin, produced in abundance by the diatoms of 
the sea, being stored in easily accessible form in cod-liver oil, 
whereas had the specific gravity of the sea been a trifle greater, 
the cod might have stored its reserves as glycogen, and the 
bulk of the vitamin would have been destroyed in its body 
or excreted as waste. 

Numerous free-floating fish-eggs, like those of mackerel, 
also owe their capacity of floating to oil-globules. The sun- 
fishes {Mold) and gigantic basking sharks {Cetorhinus) lounge 
lazily at the surface ; they are only enabled to do this by the* 
thick layers of fat below their skin, which reduce their spedflc 
gravity to that of sea-water. 

The layers of blubber found in whales, dolphins, seals, 
and penguins, though doubdess indispensable for the mini- 
mizing of heat-loss by their bad conduction, serve also a 
secondary purpose in lightenii^ the animab, and so rendering 
more of ^eir muscular energy available for directed activities. 

The most eflkient lightening mechanisms are balloons of 
air or other gas ; but the construction of these involves a 
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high degree of specialization, and they are not common. 
Many siphonophores have gas-glands which secrete gas into 
a special bladder ; and the Pearly Nautilus and its strange 
relative Spirula still store gas in the chambers of their shells, 
as did all the Ammonites and Nautiloids of bygone eras. In 
one pelagic snail, Glaucus, the generation of gas by bacteria 
in the intestine has been turned to account, and the animal 
owes its capacity for floating to a flatulence made normal and 
physiological. 

Gas-bladders are best developed in bony fish. The great 
majority of their abundant species owe their success to speed 
and directed activity ; to secure this thepjmust dispense with 
all such aids to flotation as jelly or protruding spines or flaps 
and concentrate on muscle and skeleton, and purity of 
stream-lined form. But as a result their tissues in general 
are a good deal heavier than sea-water, so that without a 
gas-bladder much of their energy would have to be expended 
in the never-ceasing task of fighting gravity. A few pelagic 
fish succeed in this task, such as the immensely powerful 
sharks. The common mackerel, too, like its close relative 
the tunny, has also lost its air-bladder, presumably to achieve 
greater speed ; as the result of its unceasing activity during 
the feeding season, it has to recuperate for several months of 
the year resting on the bottom without eating. 

Apart from such rare exceptions, active pelagic fish possess 
gas-bladders and are thereby enabled to regulate their specific 
gravity to that of the water in which they live, and so to 
utilize every ounce of their muscular power for pursuit or 
escape. If the gas-bladder had not been evolved, fish must 
have remained a predominantly shallow-water group because 
of the necessity of resting upon the bottom. As it is, the 
possession of a gas-bladder by almost all bony fish and the 
lack of it in all grisdy fish like sharks and rays is rdlected in 
the fact that a far greater proportion of the former are anitnab 

the open water, while a far greater proportion of the hitter 
spend most of dieir time Itear the bottom^ alternately resting 
and indulging in sharp bursts of active swimming. 
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Gas-bladders may also act as sensitive pressure-recordersi 
the expansion or contraction of their contained gas telling the 
fish whether he is moving up to a region of less pressure or 
down to one of greater pressure. Terrestrial animals have 
no need of such pressure-sensitive indicators ; and so when 
man invaded the three-dimensional world of the sea with his 
submarines, of the air with his aeroplanes, he had to devise 
pressure-gauges to act as artificial sense-organs for recording 
variations in vertical height. 

Below a certain depth gas-bladders become very rare, owing 
to thephysicaldif&culdesof secretinggasagainstgreat pressure. 

Finally, another method of reducing specific gravity is to 
cut down the skeleton as far as possible and to lighten its plan 
of construction. For instance, the one and only free-, 
swimming sea-cucumber, Pelagothuria, is also the only 
member of it» class to lack a protective mail of dny, limy 
plates in the skin. The internal “ bone ” of pelagic cuttle- 
dshes is thin, homy, and limeless ; and the pelagic bivalve 
mollusc Pelagomya has no lime in its shell ; pelagic fish often 
have a much reduced skeleton, uith a very low mineral 
content. The skeleton of Crustacea shows a progressive 
diminudon of mineral matter as we pass from permanent 
bottom-dwellers to permanently open-water forms. Free- 
swimming Copepods of the plankton only have six or seven 
per cent, of mineral matter in their consdtudon, and are 
lightened by having five or six per cent, of fat. The heavy 
crawling shore-crab^, on the other hand, has less than three 
per cent, of fat, and over forty per cent, of mineral matter; 

Before passing to the deep sea, mention must be made of 
the strange life of calm regions of the ocean, of which the 
Sargasso Sea is one of the largest and best known. The 
currents which flow past such calms abandon into them a 
proportion of the floating animals and plants which they are 
bearing along. In the Sargasso Sea die most important of 
such flotsam is the gulf-w^, Sargassum haccifonm. This 
grows on the coasts ofdieGuibbean Sea; pieces of it, broken 
off by the waves, float along in die Guff Stream, supported 
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by thdr gas-bladders, and accumulate in dense masses in the 
calm zone. Eventually their bladders decay, and they sink 
and die without posterity. But meanwhile, before dieir 
death, they support an abundant crop of strange animals. 
Some of these exist elsewhere ; but some live only in this 
curious accumulation of doomed plant fragments, constandy 
passing from one temporary home to another. The animals 
often resemble the weed in an extraordinary way, both in 
colour and form. The weed is golden-brown, patched white 
with colonies of Polyzoa aiid with litde tube-living .worms. 
This coloration is frequent among its inhabitants ; and in 
addition they are often beset with fantastic lagged lappets and 
membranes which mimic the leaves and branches of the 
weed. These devices appear to have been developed as a 
protection against the attacks of the sharp-eyed sea-birds 
which hover above this seaweed garden of the calm. 


§3 

The Deep Sea 

The inhabitants of the deep sea were to all intents and 
purposes unknown until the voyage of H.M.S. Chalknger 
in 1R72 to 1876. One of its objects was to discover the 
primitive ancestral forms of life which were suspected at that 
time to be lurking in the depths. This expectation, however, 
was unrealized. When the deep-sea creatures were eventu- 
ally brought by human ingenuity to the light of day, they 
were often more grotesque and strange than any imagination 
had dired to picture, but they were not particularly primitive. 
All sorts of ftimilies of normal surfece-living creatures, indud- 
ing some of the most modem and spedali:^ groups, have in 
feet contributed immigrants to this strange region; and 
amoi^ fish almost all the deep-sea creatures below to the 
less primidve group, die bony fish, very few to w mor^ 
primitive shades and rays. ^ 

No living Trilobites or sea«<ecorpiOns or extinct'types of 
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Echtnoderms, no Ammonites or Ostraooderms or primitive 
armoured fish have been hauled up to the light of an upper 
world that had ou^rown them. It is possible that them^ne 
abyss was such a difEcultregion to colonize that itstood largely 
untenanted through most of geological time, and that its in- 
vasion only began on a large scale when the more specialized 
types of sea-animals had come into existence — the prawns 
and crabs, the cuttle-fish and octopus, the bony fishes. 
Representatives of other groups had doubdess invaded it 
before, so that it was not as barren and empty as the land ; 
but it offered no such encouragement and variety as the land, 
and so there was no blossoming of one or two special invading 
stocks into flourishing new groups, as happened with land 
plants or vertebrates or insects, but a spoi^ic fitting of a 
number of isolated types to the queer and specialized con- 
ditions, as has happened in other queer and specialized 
habitats like caves or salt lakes. Most authorities believe 
that the invasion of the great deeps by true fish began no 
earlier than Cretaceous times (IV C). 

If all marine life depends on the plmts which build them- 
selves out of inorganic matter in the narrow illuminated zone, 
then obviously only this zone is biologically self-supporting, 
and the life at all greater depths must somehow exist at its 
expense. That is in fiict so ; deep-sea life is an unproductive 
assemblage of types nourished by scraps from the banquet 
spread above in the light of day. 

Not every surface organism finds its fate in another’s 
stomach. Thousands die from other causes, and theit 
corpses, once their swimming movements cease, or their 
floats decay away, must sink towards the unilluitfnaied 
depths. Over the whole of the ocean the rain of corpses 
proceeds without cessation, and the bottom is in large 
covered irith thick deposits made of their skeletons, lllis 
lain of death, however, gives life to all the deeper layers ; for 
it is their only source of food. It.is a constant stream 
manna froma^ve — often, it is true, inpeooessofdeconymi* 
tiosi, bur none the less nutritious, v 
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The«inhabitants of the regions passing down from die 
surface to the lightless abyss do not live haphazard at any 
depth. They each have their appointed place, each living 
out its life in its own particular layer of cold and silent black- 
ness, often thousands of feet above the bottom, thousands of 
feet below the surface. The depth-range of some is com- 
paratively large, while others are confined to a single level of 
the sea only a few hundred yards thick ; and the zoning is 
complicated by die vertical movements which so many of 
the creatures nearer to the surface execute periodically every 
twenty-four hours, ascending at night and descending by 
day. None the less, the most striking feature of the life of 
the open sea is this stratification. Most pelagic animals live 
in definite storeys just as do the inhabitants of a skyscraping 
block of flats. We do not see the floors and roofs which 
limit the different zones. They are none the less perfectly 
real, and are constituted by the barriers set by degrees of 
temperature, pressure, and salinity, and by the kind of food 
available. 

For the food-rain will, naturally, not be the same near the 
surface as it is in the depths. Each layer will contribute its 
quota of dead wegetation and corpses to the layers below ; 
and each layer will take its toll of the corpses from the layers 
above, altering not only the quantity which finds its way 
farther downstairs, but also the quality, since not all kinds 
of corpses will be eaten in the same proportions. The total 
amount of the food-rain will grow progressively less, since 
at each level there is a wastage, due to bacterial decay, with 
consequent dissipation of solid food into unavailable solution. 
On the whole, die smaller particles, of which the tiny plants 
of the surface make a large proportion, will be snapp^ up or 
decay away before the larger, so that the average size of the 
drops of the food-rain will increase with depth. They will 
be the biggest particles, the quidtest sinkers, and tltt less 
rapidly decaying lumps. They will be bigger and rarer. 
We should therefore expect te find, as we go downwards, 
first a decrease in the amount of life in general ; then a 
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decreaft in the proportion of current-feeding organisms, 
and an increase not only in carnivores, but especially in 
animals adapted for taking advantage of relatively large but 
infrequent mouthfuls, ^d these expectations are realized. 
The monstrous and fantastic deep-sea fish are all extra- 
ordinarily voracious, some with jaws capable of grasping 
and swallowing bodies larger than the normal size of the 
dasdc devourer. Their lives are a prolonged fast^ varied 
by some swift mouthful and repletion. The specimens of 
deep-sea animals obtained in nets have almost all been under 
a foot long, and it used to be supposed that the scarcity of food 
was so great that no larger creatures could didst in the depths. 
However, by the aid of the air-tight pressure-resisting chamber 
christened the bathysphere, invented by Otis Barton, Dr. 
Beebe has been able to venture down to more than half a mile 
below the ocean surface, and there, among many strange new 
forms of life, has seen large fish more than six feet long. 
We may conclude that only the small forms are likely to ^ 
taken in a net: these giants are too agile. 

It id worth while anticipating our story a little, and remind- 
ing ourselves that essentially the same conditions hold in 
forests, especially evergreen forests, and most particularly 
in the tropical rain-forests. Here again light, coming from 
above, is life’s prime mover. Seen from above, the forest 
has an exuberant surface of green dense leafage, inhabited 
by a thousand bi^s, mammals, and insects which never 
descend to the terrestrial depths. Below jhe bright surface 
is a dim twilight, with a much-diminished life, the plants 
consisting mainly of parasites sucking nourishment from the 
trunks of the trees, or vines and lianas climbing up them 
towards fuller light, or epiphytes seeding themselves on the 
great trees’ leaves and branches ; and the space from roof to 
floor is divided into definite zones of life. The floor of 
the foredt, like^ that of the qpean, is covered with the debris 
of die uf^ier layers. Leaf^rpses are continually floating 
dowR, tvrtgs aiid fruita am occasu^ 

The most essential di&retice is that in the ibtest the 
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is not SO slow-falling, and thus cannot he raided by* layers 
of creatures on its way to the bottom. • On the bottom it 
accumulates as mould, and gives nourishment to many fui^ 
and bacteria and a horde of scavenging animals. 

The tree-trunks support the illuminated sur&ce. Com- 
petition between all the species and all the individuals of each 
species has finally resulted in a nearly fiat sea of foliage, 
pushed heavenwards to the limit of the trunks’ mechanical 
possibilities. The trunks are also supply-pipes, bringing 
the necessary nitrogen, sodium, chlorine and other mineral 
constituents of plant-protoplasm up from the soil to the life- 
factory of the leaves. Iliere is nothing like this in the 
ocean ; but even there, as we have seen in § i of diis chapter, 
the depths provide essential mineral supplies to the plant-life 
of the surface. In any case, it is as well to fie reminded of 
the fact that the forest, like the sea, has its productive region 
at its upper surface, and that the solid ground on which we 
men are compelled to walk through it is a dependent parasitic 
zone as truly as are the ocean depths. 

The dependence upon a slow food-rain from above is the 
most important of the conditions influencing deep-sea life ; 
and then, in order of descending importance, come the 
darkness, the cold, and the pressure. The pressure at great 
depths increases by almost exactly one atmosphere for every 
ten metres of water. At the bottom of the great deep near 
the Philippines (9,788 metres) the presdhre would be over 
960 times as great as the ordinary pressure of air at sea-level 
— equivalent to the weight of a column of mercury nearly 
half a mile high ! No animals have yet been brought up 
from over 7,000 metres (about 23,000 feet), but this is 
probably due more to the enormous technical difikulties of 
dredging at greater dq>th8 than to an actual absence of animal 
life. 

It used to be supposed a century ago that nq animals could 
exist at depths over one or two mousand feet, owing to the 
jnessuns- As a matter of fect^ these great pfessures make 
litde d iflerp r ^ to 1^ the ffippi i** neaspn 
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that the pressure of the water is externally the same on all 
sides, and is equalized internally by the pressure of the blood 
and the fluid contents of the cells. The animal exposed to 
a pressure equivalent to a quarter of a mile of mercury feels 
it no more than we feel the atmospheric pressure — 1 5 pounds 
on every square inch of our bodies. The popular belief 
that the high pressure increases the density of the water so 
much that sunken ships would remain suspended when they 
reached a certain depth is quite unsound. Water is so 
incompressible that the increase in density at a depth of say 
1,800 feet is only about per cent.; salt water with a 
specific gravity of 1-028 at the surface w#uld at this depth 
have one of only 1*054. 

Even the evil effects of rapidly bringing animals to the 
siuface from the great pressures of the deeps have been much 
exaggerated. It is perfectly true that they are usually dead 
or dying when brought to the surface ; but this is due much 
more to change of temperature than to change of pressure. 
This is shown by deep-sea hauls in the Mediterranean. The 
waters of this sea, owing to its excess evaporation, are more 
salty, and therefore heavier, than those of the Atlantic. 
Accordingly, the outflowing <2irrent in the Straits of Gibraltar 
sinks, and the inflowing current is near the surface. The 
Straits of Gibraltar make a sill nowhere more than 1,500 feet 
deep; and as a result only the highest and therefore the 
warmest layers of Atlantic water flow in. The Mediterra- 
nean thus receives no water colder than 12*9° C. ; the whole 
of its contents from about 500 feet down to its greatest 
depths of nearly 13,000 feet are uniformly of this temperature. 
And we find that deep-sea animals can be brought to the 
sur&ce in the Mediterranean, cuttle-fish for example, without 
showing any of the ill-eiEscts which are suffered by kindred 
Atlantic animals brought up fi-om the same depdi. 

The one exception to diis innocuousness of pressure-change 
is afforded by fishes with closed gas-bladders. In spite of 
the arrangements which exist for resorifing gas from the 
bladder into solution in die blood, the expansion caused by 
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rapid decrease of pressure is too great, the bladder«swells 
up enormously as the fish is hauled to the surface, and forces 
the entrails out at the mouth, or even blows the fish into 
fragments. 

That rapid and considerable pressure-change need have no 
ill effect is shown by the large daily vertical migration of 
various creatures, l^ny plankton organisms and pelagic 
fish migrate up to near the surface by night and down to 
400 or 500 metres by day. In spite of the forty-fold change 
of pressure to whidi they thus expose themselves twice in 
every twenty-four hours, they suffer no more than do Swiss 
goats and goatherds in their customary vertical wanderings, 
up by day and down to the villages at night. 

Sperm-whales dive down to great depths in search of their 
prey, the giant cuttle-fish; and all whales do so when 
harpooned; they may traverse over 1,000 feet of vertical 
height in a minute or so, and some may be capable of diving 
to half a mile. A diver would die if he were hauled up 
from such depths so rapidly, through the appearance of 
bubbles of nitrogen in his blood (just as bubbles of carbonic 
add gas appear in soda-water when it is released from the 
pressure within the siphon), which would then stop his 
circulation. Whales do not suffer in this way at all, largely, 
it would appear, through the presence of so-called um 
mirabiUa on their veins, “ marvellous networks ” where the 
vein breaks up into a great number of small vessels for a 
short section of its course. The gas-bubbles are probably 
caught in some of these small vessels and held there imtil they 
can be redissolved. 

In all seas save the Mediterranean, temperature sinks 
steadily with depth. The average temperature for the grea| 
oceans is about C. at 600 feet, only 10^ at x,200. At 
3,000 it is only 4-5^ C., while at 12,000 feet it is down again 
to 1-8® Q — only just above freezing. What is more, the 
deeper we go, the less variation is diere in the temperature ; 
at over 600 feet down, the seasonal diange of ten^ietatiite 
is triviai or nil. Nowhere else is life’s environment, wbedier 
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as tegsids light, temperature, or chemical and physical 
conditions, so uniform as in the marine abyss. 

The darkness in the depths is complete, save for what light 
is generated by their living inhabitants. Water rapidly cuts 
off light. Light pouring directly down penetrates much 
deeper than oblique light ; thus beyond a certain depth only 
the noon-day sun will penetrate, and so the length of the 
day decreases with the depth. In the harbour of Funchal, 
Madeira, the 12-hour March day is reduced to 5 hours at 
30 metres depth, to a mere 15 minutes at 40 metres. Beebe 
in his bathysphere sometimes saw traces of light at over 
500 metres, but this is exceptional. In gendhil, light sufficient 
for the, needs of green plants extends down only to about 
100 metres. The great majority of marine plants* live in 
the first 50 metres ; at 75 metres there are only half as many 
plant individuals as at 50 metres. Below about 200 metres, 
the only plants which exist are sinking downwards dead or 
damig^. Below this, the deep sea l^ins, with no living 
green plants and no true vegetarian animals, but only decay- 
producers, scavengers, and predatory creatures. 

The longer wavelengths of light are more quickly 
absorbed by water than are the shorter. All the red rays are 
absorbed soon after 100 metres, and all the green before 500, 
but a trace of violet penetrates deeper tlm 1,000 metres. 
Even at 30 metres, a diver cannot see red objects as red; 
there is no red light for them to reflect and so they look 
black, while from here on the surroundings are brilliant 
blue. 

Most animals from the illuminated surface zone are of 
crystal transparency (sometimes, however, with a few internal 
organs whicffi cannot be render^ transparent^ gathered into 
a dark knot whicdi simulates a fragment of floating weed). 
When a)lour is present, it is genet^y blue, as in the Portu* 
guese ManH>*«^war and other siphonophores, some Cop(q)od8, 
and th^ lovdy floating snail lanthina. Many surface fish 
aae btukh or greenish sivery bdow, like the mackerel 
These colours, like ttansparency, would Sf^ear to have 
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some protective value in the blue sea-water, thoughnrans- 
parency seems to take its origin as a mere accident of 
jellification. 

But in the depths, to reflect no light and so to fade into 
the surrounding blackness is the best means of protection 
from all those enemies which hunt by sight And as red 
then looks black, red shares predominance with black and 
other dark colours such as deep brown or purple-black. 
Some groups, such as the fish, seem to find it difficult to 
produce red pigment, and in the deep sea incline to black ; 
other deep-sea groups, such as Crustacea, are almost without 
exception red. There are also red Foraminifera and polyps, 
red sea-anemones apd starfish, red octopuses and cuttle-fish, 
and even red arrow-worms. An interesting case is Velella,^ 
one of the siphonophores. This, when adult, floats at the 
surface, with a sail projecting up into the air, and both animal 
and sail are a lovely blue. Its larva, however, lives in the 
deep sea and is red ; it only becomes blue when it ascends to 
adidt life at the sur&ce. 

Although some deep-sea gelatinous animals retain didb 
crystalline appearance, yet jelly need not necessarily involve 
transparency, as is shown by the hct that many deep-sei| 
jelly-fish and arrow-worms are dark-coloured or red ; some, 
such as the jelly-fish Atolla, have their sur&ce representatives 
transparent, and grow darker and darker with depdu 

At the d^ths where these red prawns and black fishes live, 
whatever light is visible is produced by the animals them- 
selves. Phosphorescent organs occur in almost every group 
of deep-sea animals, both bottom-living and pelade, in 
polyps and corals, starfish and bristle-worms, cutde-fish, 
Crustacea and fish. These organs are of various kinds. 
Most of '^e fixed bottom-living forms — sea-pens, sea-fiuls, 
and so fohh — shine all over, dilfosely, often with a marvdi- 
lops radiance. It may be that phosphorescence of this type 
is a mere accident^ ser>dng no useful purpose^ and that m 
unknown reasons conditions in die deep sea are e^wetafly 
fiivduradde to its production.. Inhere are [dioi|dieiesoeilf 
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animafis in plenty at the surface of the sea, and the luminosity 
of some of them, such as the abundant Noctiluca, seems to 
be as functionless and accidental as that of fungi on rotten 
wood. On the other hand, animals of this diffusely phos- 
phorescent t3^e are more abundant and produce more brilliant 
light in the deep sea than elsewhere. It has been suggested 
that the light serves to lure small fish and other prey within 
range of the polyps and their paralysing tentacles. 

This is made more probable by the extraordinary luminous 
organs of deep-sea angler-fish, which unc^Bubtedly act as 
lures for prey. The shallow-water angler (Lophius) lies 
flat and well concealed on the bottom, with its huge pre- 
daceous mouth facing upwards. It grows a fishing-rod 
and bait on its head. The foremost ray of its dorsal fin has 
suffered a curious transformation ; it is elongated, detached 
from the rest of its fins, and bears at its end an enlarged flap 
of membrane. The jerking of this attracts inquisitive and 
hungry fishlets, which in a moment are snapped up by the 
unsuspected jaws just below. As Aristode observed more 
than 2,000 years ago ; “ They are often caught with mullet, 
the swiftest of fish, in their interior. Furthermore, the frog- 
fish is usually thin when he is caught after losing the dps of 
his filaments.” In the deep sea, numerous members of this 
same family are found (though they are all much smaller in 
size) ; they also all attract their prey by means of lures, but 
these lures are always luminous. Perhaps the most extra- 
ordinary of these animals is Lasiognathus, whose fishing-rod, 
in addition to possessing a luminous lure, has a hinge in the 
middle and hooks at the tip. It seems to be thrown forwards 
when prey \as been attracted near by die l^t, and then 
jerked ba^ so as to impale them on the hooks. 

R is as iecx>gnitton-iiiarks that the luminous organs of 
de^sea anfinab have their most frequent significance. The 
piowHng peculation can never bade^ ; and widioutcecial 
advertisement it would often be difl&ailt for the sexes to find 
each odier. The »lvertbemeiit takes the form of a paexem 
of luminous organs, eadi spedes havineits own dharaKMfistic 
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aiiangement. Sometimes there is a single row of small lights 
down the body ; sometimes tiers of lights, so that the fish 
looks like a liner at night ; deep-sea cuttle-fish generally have 
a pattern dotted over their b^y and arms ; some animals, 
both fish and cuttle-fish, make play with lights of different 
colours, or widi different-sized lights. In any case, each 
species thus carries its own identity written upon it in letters 
of cold fire, can know its own kind at a distance, can recognize 
such or sucdi a pattern as the badge of its enemy, this other 
as the badge of its prey. 

But there are other uses of luminosity. Shallow-water 
cutde-fish escape from their enemies under cover of a smoke- 
screen of ejected ink. This would be of no service where 
all is already black ; and accordingly we find that some of 
their deep-sea relatives squirt out a luminous cloud to confuse 
pursuers. The same trick is played by certain deep-sea 
prawns. 

Finally there are the luminous organs designed, like head- 
lights, to fiicilitate the animates own seeing. The most 
curious example of this is the living torch carried by a hermit- 
crab from the Indian Ocean. Like many other kinds of 
hermit-crab, this animal carries on its snail-shell house a 
sea-anemone as partner. Doubtless the sea-anemone profits 
as do its fellows in similar situations in shallow water, by 
catching crumbs that fall from the crab’s table. The benefit 
conferred in return is normally that of protection, by means 
of die serried batteries of stinging cells on the anemone’s 
tentades and the formidable stinging threads, which it can 
protrude through the portholes in &e wall of its body pr 
through its mouth. But in diis case the anemone is f^os- 
phoresoent, and confers die boon of light as well. 

Fremendy, in deep-sea fish, cutde-fish, and crustaoea 
atike, mere is a concentration of especially large light-organs 
near ^ and' in some ca^its these have evolved into 
veritdUfepro|ectors« Celfslihi^genemieahtiiiinoussec^ 
tkm ate pla^ in front of a refrector made of a 

glistiuntng mesnbfane bac ke d, by Uack 
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outward-streaming light is concentrated into a Ikim by 
means of a lens. 

Where light is so scarce and so dim^ eyes may be expected 
to evolve in one or other qf two opposite directions. Either 
they may degenerate, wholly or in part, and the animal make 
up for its la^ of vision by an excess developmoit of other 
senses such as touch; or else they may be enlaiged and 
improved to the pitch of extreme sensibility so as to catch 
every faint glimmer of light. Both of these methods are 
found in deep-sea animals. On the whole, the balance has 
been in favour of keeping and improving the eye. But 
bottom-livers leading a crawling-feeding life show eye- 
degeneration more frequendy than do open-water creatures, 
and in both situations the more active kinds of creatures 
tend to enlarge their eyes, the less active to lose them. 

In general, those deep-sea animals which have well- 
developed eyes include diose which have definite arrange- 
ments of luminous organs, and, of course, diose whidi' 
possess searchlight organs. Recognition-marks would be 
useless to a blind animal. But the deep-sea anglers are often 
themselves blind. Their light is aimed at odier species; 
and so long as the inquisitive prey is lured alongside^ it does 
not matter whether sight, tou^, or any odier sense is used 
to detect its presence. 

Sometimes die eyes are positively enormous; in the 
crustacean Cystisoma the eye occupies at least two-tfaiids 
of die surfece of the bead. In other deep-sea creatures (and 
nowhere else in nature), the so-called ** telescofMc vft ** kr 
found, which has been independendy devdopra in 
sub-ordm of deep-sea fish and in one cutde-fish, while t 
somewl;iat similar arrangement is found in some deep**cea 
Crustacea. This type of eye, to be precise^ is not ** ide- 
scopic^atall, it is an adaptation ta save space. Tbebigger 
the surface of die lens, more li^ dbes k colfcactr, time 
more it approaches the spherical in die, mold dads if 
eonoeiitinte die lig^tdiatfidb upon its fur Wldmisiti 
m |s exists in many tdesoc^^ 



THE DRAMA OF LIFE 

usual Spherical type would be as big as the whole head. 
The so-called telescopic eye is simply the central cylindrical 
portion of an eye, with a spherical lens. All the light that 
ialls on it is concentrated upon a very small patch of retina, 
and range of vision is sacrificed to the pressing need for 
light-coilecdon and concentration (Fig. 9). 

Even with such eyes, sight in the deep sea may well need 
to be supplemented ; and accordingly it is common to find 
extraordinary developments of touch-organs, such as barbels, 
often long and strangely branched, on the head or throat, 
or elongated spines or fin-rays acting cat’s whiskers, 
and most deep-sea fish have the m3rsterious lateral-line sense- 
organs better developed than their surface relatives. 

One unique result of deep-sea life is the development of 
parasitism in the males of certain angler-fish. In these 
species, until recently, only females were Imown. Eventually 
some of these females were discovered to have growing on 
their bodies strange objects not unlike miniature and deformed 
fish. Further investigation showed these to be indeed fish 
—the long looked-for males of the species. When quite 
young they apparently bite on to the female, gradually 
embedding their snout in her skin. Both skin and blood- 
vessels of male and female grow together, and the male 
becomes a true parasite, nourished entirely at the female's 
expense. His heart and digestive system degenerate, and 
the bulk of his body becomes filled with testis. Presumably 
when the female lays her eggs, some chemical stimulus acts 
upon die male and causes him to eject his fertilizing sperm 
at the same time. 

The difficulty of male and female finding each other at 
mating-time in the dark and sparsely populat^ waters of the 
deep pelagic zone must be very great. This strange state 
of dmaxs — ^the only case of thorough-going parasitism in 
vertebrates-^ without doubt a meffiod for drcumventing 
diis difficulty. 
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§4 


On the Floor of the Abyss 

Near inshore the bottom of the sea is covered with deposits 
derived from the land, eroded bits of land carried out to sea 
by rivers. Naturally the heavier particles settle first, so that 
in general the farther from the land, the finer-grained are the 
deposits. Such land-derived deposits, however, are rare at 
depths of over 600 feet. Below that depth the floor of the 
ocean is covered with layers of material derived either from 
the skeletons of the animals and plants that live above, in 
the upper storeys of the sea, or else from volcanic dust. 
Some of the organic materials are predommantly limy, such 
as globigerina ooze largely made of the skeletons of that 
little foraminiferan, or the much rarer pteropod ooze in which 
the shells of those active swimming mollusca predominate. 
Others are mainly flinty, such as diatom ooze and radiolarian 
ooze. The finely powdered volcanic accumulations art 
known as red clay. 

The calcareous deposits are poor or absent in high latitudes^ 
owing to the difficulty of secreting a calcareous skeleton at 
low temperatures. They also never occur below a certain 
depth, usually about 15,000 feet, since under great pressures 
the calcareous matter passes into solution. But thqr have 
an enormous extent : globigerina ooze, especially al^ndant 
in the North Atlantic, covers nearly thirty per cent, of the 
whole ocean bottom. Siliceous deposits can go a little 
deeper without being dissolved. They are espec^ly abun» 
dant in colder seas, and in regions where the water contains 
much siliceous matter, for instance in many parts of the 
Indian Ocean, but cover less than ten per cent, of the ocean 
bottom. Finally, in increasing quantities from a depdi ^ 
of 13,000 feet downwards, comes die red day, coveting 
Over a third of the whole sea-bed. Only over very small 
areas is the ocean floor clear of ooze — here and therewfaere 
deep cun;ents flow powerfully, perhaps here and fbere 
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where a rare slope occurs steep enough to shed scctr* 
mulations. 

All these deposits have two things in common— they are 
soft, with a consistency something like that of buttar on a 
very hot day ; and they contain all the debris of the food>rain 
whicli has escaped the population above. 

It pays many organisms to sift and scavenge in and on 
and close above this rich ooze ; but precaution must be taken 
by the siu&ce animals not to sink in, and by the pure current- 
producers not to have their works clogged with the fine ooze. 
The surface scavengers and predaceous animals almost all 
show devices for spreading Aeir weight over a large area. 
Some of the spider-crabs and other Crustacea have enor- 
mously developed legs, often with bristles or feather-hairs 
at the tips ; some of the flat, cake-like sea-urchins of the deep 
sea have an expanded disk-like surface, and the sea- 
cucumbers have a special flattened sole. One or two of 
the current-producers have similar devices, such as flte 
sponges which possess projecting collars of long spicules to 
prevent them sinking in the mud. But the great majori^ 
are stalked. Stalked sponges, stalked sea-lilies, stalked corah,,- 
stalked single polyps, stall^ polyp colonies like the sea-peOs 
with their strange bulb-like base thrust into the slime for 
anchorage, even stalked lampshells, sit balanced above the 
suffocating mud, on whose surihce precariously crawl and 
forage the tribes of active scavengers (Fig. lo). 

The Hexactinellids or glass-sponges are almost entir^ 
confined to the deep sea. They difl^ from all odwr sponges 
in the open lattice-work of their construction. T& 
known Hexactinellid is the lovely Venus’s Flower-basfaet 
from the deeps off Japan. We marvel at its delicacy and 
beauty; but we generally M to ask ourselves the biokigkal 
reason for the construction whidi confers sudi prop ett fe i . 
A simple reason, however, does exist. Snoe warm water 
has a lower specific gravity than cdd, any currents flowing 
ixdewards from die wanned surfue of troi^Gid seas wiO, ISsp 
Gulf Stream, float iqxm die top; and the 
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letum flow of chilled water from the poles will flow along 
the bottom. The Hexactinellids grow in the padi of these 



Fzg. io. — ^Life on the Muddy Elgor of the Dbsp Sea. 

Sea-squirts (left) and glass-sponges (right) are carried clear of the mud 
on long stalks, ^-anemones grow on the 8ea-squirts» and Pycnogonids 
crawl over them. A prawn wwks over the mud on enormous stilt-like 
Im, aiki flattened sea-woodlioe and starfish crawl on its soft suifiwe. 
(jSas9d on an oxhUU in thn Nmaai Minory Mumuoy Londony amnuh 
coBteud hy tHsotnmty ** Es^ptditton) 

fllow btit constant bottom-currents. Th^ can afford to dis- 
pense with all the current-produdng maduiieiy of the 
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ordinary sponge, and can simply spread a lattice-nrt in the 
path of the debris-laden stream. 

As Dr. Bidder writes of the group as a whole: 

Food is brought to them, waste is taken away. For them in their 
eternal abyss, with its time-like stream, there is no hurry, there is 
no return. Such an oiganism becomes a mere living screen between 
the used half of the universe and the unused half — a moment of active 
metabolism between the unknown future and the exhausted past. 

§5 

Seashore Life 

And now let us return from the extreme specialization of 
the deep sea to the primitive cradle of life — the shore, the 
intertidal region. It is so familiar to most people, and has 
been well described in so many admirable books, from 
Charles Kingsley’s Glaucus to Flatteley and Walton’s Biology 
of the Sea-shore^ that we, with space pressing, can afford to 
treat it briefly. 

We can best define the seashore as the strip of earth^s 
surface between the highest land wetted by the sea in storms 
and the lowest low-tide mark. It has a very great biological 
interest. It is a zone of sharp transition from dry-land to 
salt-water; and, though a zone of transition, it is a per- 
manent feature of our world. The outlines of sea and land 
may shift over the globe ; but there is always a shore. Twice 
a day most of it is covered by water, and twice a day un- 
covered to the air as the tide ebbs off it. Thus, of all die 
habitats in the world, the shore is exposed to the greatest 
fluctuations and has the most variable condidons of lifie^ 
in the completest contrast with the*seasoniess, dayless^ 
changeless depths. 

As we step across the shore from high-water made to bathe 
at low tide, each point that we cross is exposed to a longer 
daily dose of water, a shorter dose of air. Accordtnj^, the 
shore is split up into parallel belts or zones of lift aocMittig 
to the capacity of its animals and plants to resist cst|NSSilff 
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to atr. Mit extreme high-water mark, or even above it, flicked 
Ofdy by occasional spray, there are still bamades and the 
dw^ species of periwiiJde, there are green seaweeds in the 
brackish pools, and the sea-slater Ligia runs about among 
the stones, a giant woodlouse that is tied here between sea 
and land. Between tide-marks brown seaweeds predominate, 
a number of kinds of them zone by zone as we descend. 
Most have gas-bladders on their leaves to lift them up towards 
the light direcdy the waters cover them, and to help minimize 
the danger of being smashed against ^e r||cks by breakers. 

Below them comes a zone of great ribbon-Ve^s (Lami- 
naria), that are only uncovered at the lowest spring tides ; 
and these are mixed with many red seaweeds, which grow 
rapidly scarcer as we return landwards. 

The creatures of the shore wake to activity not once but 
^twice in every twenty-four hours, when the tide comes up 
and they can expand in the salt embrace of sea-water, the 
primeval fluid that bathes and supports, brings food and 
distributes marrying cells and spores. Many of the obvious 
characteristics of seashore creatures are devices for living 
through the periods between the vivifying visits of the water. 
The bamade has its doors uncompromisingly shut while it 
is in air. The door, however, is on the chain rather than 
barred and bolted tight. The slight sizzling noise you may 
hear on a still day on barnacle-encrusted rocks is the multi- 
tudinous tiny bubbling of the thousands of fixed and shell- 
imprisoned crustaceans. Then, for an hour or so each day, 
when the waters solicit attention, the panels slide back and 
the microscopic casting-net of feathered legs b^ins its 
rhythmic task. Th^ limpet, under water, makes journeys a 
few yards long, to browse on weed ; when ihe tide fldls he 
returns to his fluniliar home, a slight depression in the rods, 
which he has worn, and sits upon it with tent-Uke shell just 
xaiacd to admit air. The mussels, as the tide goes out, 
change from busy sifters of d4>ris to passive lumps of flesh 
shut in a strong blue shdL Tube^worms when under die 
unsubstantial ait are all desphi diar tubes, waithig for die 
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water’s renewal before they spread dieir flower-like tefttades ; 
many of them have little doors to dose the mouths of their 
homes. 

The flattened shape of shore-crabs is adapted for retreat 
into crevices when the tide goes down ; diere to stay, audibly 
bubbling as they breathe, until the water rises again and they 
can sally forth on their scavenging jobs. In the moist 
miniature caves under rock ledges, sea-squirts and brilliantly 
coloured soft crusts of sponge wait with their apertures tight 
closed ; sea-anemones are converted from carnivorous 
flowers to mere jelly-blobs. Some sponges that live in this 
situation differ from their permanently submerged relatives^ 
which are barrel-shaped, in being flat and leaf-like : when 
the tide ebbs away, their two sides come together and retain 
a film of water. 

Out on the sand and the mud, life disappears when the tide . 
goes down. The buried cockles and cl^s and razor-shells 
withdraw their siphons — ^water-inlets and outlets — far be- 
neath the surface, and the sand-eels burrow deep. Many 
creatures seek refuge from the air under stones — crabs and 
other small crustaceans of many kinds, little starfish, long 
green or black nemertine worms coil^ up like skeins of 
ribbon. Even some fish and an occasional young conger 
can be uncovered by turning over the rocks between tide* 
marks. Among the colonies of hydroids and polyzoa that 
grow on rock and weed the tiny polyps are all withdrawn 
into their sheltering cups, whidi are often provided widi 
some form of lid; and die periwinkles, withdrawn into their 
strong shells, dose their homes with the homy door diqr 
carry attached to their foot. 

But hard upon the retreat of the waters comes another 
fiiuna— a multitude of birds and mammals (man the dijef 
among the latter) seardiing the poob and soimding the nmd ^ 
for die hiding water-feeders. Here and dwe in thb wotUl 
of waiting, Udden creatures are poob left by die leneedilg 
iea^ ipd in these the varied population b a levetadM to 
db ordinsuy landsman. There are so many ^ 
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^ong\hem which he has never met before, so many un- 
fiuniliar ways of liviAg. The rock-pools are seas in minia- 
ture. There you may find animals getting their food by 
ways unknown on land — current-sifting tube-worms and 
molluscs, plant-like tentacle-spreaders like hydroids and sea- 
anemones (it is an unforgettable sight to see an unwary fish, 
venturing too near one of these animal blossoms, suddenly 
trapped and paralysed by a tentacle and drawn down to the 
gaping mouth) ; animals which browse, not on plants, but 
on other animals, like the lovely eolid sea^ugs that nibble 
hydroid polyps (and store up the nettle-cells of their prey, 
unexploded, in the tentacle-like projections, full of out- 
growths of liver, with which their upper surface is beset, thus 
arming themselves with borrowed weapons). There, too, 
you may see animals which still reproduce by discharging 
a whole population of cells into the ambient wat^ ; animals 
with n(^ead, like starfish ; and animals with no mouth, like 
spongelf To watch and cogitate upon the life of a rock-pool 
near low-tide mark is to take a broad elementary course in 
marine biology. 

There are tfiree main types of shore habitat — rocky, sandy, 
muddy. On rock, sea-life is adapted for clinging tight, for 
resisting the pounding of the waves, for retreating into cracks. 
Hence limpets, barnacles, dog-whelks, tough brown seaweeds, 
flattened crabby creatures, encrusting sponges and sea-squirts. 
On sand and mud the urge is to burrowing. At this game 
worms and clams are supreme, but there are also heart-urchins 
and a certain number of crustaceans, and even one or two 
peculiar sea-anemones. The animals often have remarkable 
anti-cTogging adaptations, so that they can breathe in spite 
of sand and mud all round them. The crab Calappa has its 
claws converted into tight-fitting doors that keep out sand, 
leaving only two pairs of holes in front for the entrance 
and exit of the vital resptratoiy current. And others, sudi 
as Corystes or Albunea, Mkidact deafi water down to dieir 
gills throu^ a ** siphon ** made of their two antennae joined 
to form a tube by the hairs along their edges. 
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On some tidal mud-flats the eel-grass can grow — one of 
the very few flowering plants that have re-invaded sea-water, 
and so one of the very rare sea-plants with true, absorptive 
roots — and its long ribbons provide a habitat in tfaemsdves 
for animals. There we And pipe-fish (swimming and resting 
upright, to simulate the grass fronds) ; the queer crustacean 
S^lla with its claws built to close into a groove like the 
blade of a knife ; coelenterates like Haliclystus attached to 
the leaves; and many sea-snails. 

Below the range of the tides, the ii^abitants of sand, 
mud, or rock continue to show the same general differences 
as between tide-marks. Creatures with special adaptations 
for temporary exposure to air are, of course, no longer found ; 
but a greater abundance of fully marine animals takes their 
place. The number of free-moving animals especially in- 
creases below tide-marks, notably the fish a^ crustaceans. 
On rocky ground the fish tend to resemble theii^urroundings 
protectively by their blotchy colouring and projecting tags 
of skin that break their outline ; the swimming crustaceans, 
such as prawns, are a transparent green. On sandy bottoms 
the most typical crustacean is the shrimp. Shrimps, like 
flat-fish, are strikingly protective in their colour, and both 
types have the instinct to burrow down and lie half-buried 
in the sand. 

The abundance of life in this well-lit zone beyond low-tide 
mark is extraordinary. This bottom-supply is of the greatest 
importance to many kinds of fisheries. Plaice, for instance, 
are bottom-feeders, much the most important item on their 
menu (in the Nor& Sea, at least) being a little dam called 
Spisula. Spisula is exceptionally abundant on the Dogger 
Bank, and this is why the Dogger is such good fishing 
ground. Indeed, experiments with marked show that 
on the Dbgger Bank plaice grow almost twice as fm as oS 
die J>utdh coasL « 

Between dde-maiks, ^ zones of Kfe are dqiendent upon 
times in and oat of watei; Bdow die readh of the fide^ 
zonii^ of das sort disappears, and hs ]daoe is bken by a 
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zoning dependent on -the rapidly decreasing light-inteiSsity. 
But this we have already discussed ($ 3). 


§<5 

Coral Reefs and Islands 

No account of the world’s habitats would be complete 
without some mention of corals and their work. The 
formation of whole islands for the habitation of man by 
the unceasing industry of the tiny polyps (or “ coral-insects,” 
as they are still sometimes called in popular books — ^a survival 
from certain pre-Linnaean attempts at zoological classifica- 
tion !) has diw^ys fascinated the human imagination ; and 
the sheer beauty, the strangeness and the variety of a coral 
reef have caipljfrated all lucky enough to set their eyes on one. 

Corals, broadly speaking, are polyps, belonging to the 
coelenterate phylum, which secrete a skeleton, in most cases 
of lime. Most of them, but by no means all, belong to the 
same group as the sea-anemones. Like sea-anemones, they 
consist, roughly speaking, of an animated stomach witii 
a mouth at one end, round which a circle of tentacles, 
richly set with stinging-cells, spreads ready to catch and 
paralyse living victims, and stufiF them into the cavity widim. 
Most of them, too, are colonial, but there are plenty of solitary 
cup-corals.” The variety of their growth and construction 
is very great. Some, like the organ-pipe cond, grow as 
parallel tubes ; others are branching and tree-lik^ like the 
precious coral or die stags-hom ; others again, like the brain* 
corals, produce great rounded masses of limestotie; ftfll 
others gtow into fiat, ridged disks, which look like tte top 
of a mhshroom turned upside down and converted into s t one* 
These are two very important &ctB about coral Uology 
whidi help us to understai^ how ree& are made. The first 
that 00^ afford an instance of biologicd paetneSrfli|i^ nr 
syinbioris-^n phenomenon discussed mom fiiDy In 
^ tpy. t Most species of corah contadn, widyhi Am 0 m 
^ df 
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cells, « great numbers of minute green plants. These plants, 
although they live in swarms in the tissues of the corals, are 
apparently not parasites but parmers of their hosts. By 
consuming the abundant nitrogenous waste-products of the 
carnivorous coral’s life-processes, they assist its excretion. 
It used to be supposed that they helped by serving as a 
food-source and being digested when the coral is short of 
its normal prey, but recent investigation has disproved this. 
But, however they do it, the plants are essential to their 
possessors ; without their aid the pol3^s cannot flourish. 
And accordingly all such types are restricted to shallow 
water, where enough light penetrates for the green plants 
to utilize their energy-trapping powers. Reef-building corals 
are scarcely ever found below twenty-five fathoms. 

The other point is one of more general application. It is 
that, for chemical reasons into which we need not enter, 
animals find it much harder to extract calcium from cold 
than from warm sea-water. And since calcium is the main 
ingredient of limy skeletons, animals with such skeletons 
flourish much better in warm seas. In almost all groups the 
number of kinds of animals that scaffold themselves with lime 
decreases rather rapidly as we pass polewards, and in polar 
seas the homy substance chitin largely replaces lime as the 
chief material for skeletons. Corals are one of the best 
instances of this rule. There,do exist solitary corals in north 
temperate waters, but reef-building corals will not grow where 
the temperature of the surface water falls below 70° F. 

These two peculiarities restrict coral reefs to the shallow 
water of an equatorial girdle-rather broader than the tropics. 
And this has, as further consequence, that, of all the caidum 
dissolved out of limestone rocks and pou^ into the sea by 
rivers, a great mass is being built up in solid form in tfa^ 
girdle which the world wears round its middle, and very 
Btde any|^ere else. 

Three Wef kinds of coral reefs exist. There are fringing 
d|e& whidb hug the coast and have no deep-water chauond 
btt^l^ them and the land. Hien there are Iwrier reefed 
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which enclose a lagoon, usually deep enough for ships* but 
never over fifty fathoms, between themselves and the coast ; 
and finally there are atolls, which do not border land at all, 
but consist merely of a coral platform rising out of the sea, 
its central cup covered with water and forming a lagoon, its 
rim raised to make a more or less continuous above-water 
circle. 

Fringing reefs one can easily understand ; they are what 
we should expect to find where conditions off a coast allow 
the growth of corals. But how explain the barrier reef and 
the atoll, with their wide lagoons and their steep outer slope, 
often extending down hundreds of fathoms into deep water ? 
How can the deep foundations of these dams and pyramids 
have been laid, if the polyps cannot live more than a few 
fathoms below the surface ? 

Darwin sought to explain their origin by supposing a 
subsidence of land fringed by such a reef. As the land 
sank, new coral growth would be built up on the old. The 
reef would grow in height, and it would extend inwards as 
the land area shrank. Blocks of coral, piled up by the waves 
and cemented together by lime, would make a rampart on 
its seaward side, while the •scour of currents in some places 
and the deposits of fine mud and sand in others would check 
the coral growth within this raised edge, thus giving us 
both barrier and lagoon. If submergence were continued 
until the last vestige of the original land had disappeared 
beneath the water level, the barrier reef would be converted 
into an atoll. 

This theory, while it undoubtedly accounts for some of the 
facts, will by no means explain them all. It has since been 
pointed out that atolls might come into being in other ways. 
Submarine eruptions are not infrequent, geologically speak- 
ing, and may ^row up volcanic cones above sea-level ; but 
the erosive acden of the waves is so great that ^ch piles 
df debris, unless very large, are quiddy eaten away and dieir 
tops eventually smooth^ off fbt w^ below tte musbot, 
dw providing an ideal platform for a future atoiL Iiid|lid, 



THE DRAMA OF LIFE 


^arever land is rising, hut rising slowly enough for the 
waves to plane its head or its shoulders down to such a 
platform, atolls or barrier reefs may grow. 

Still another view suggests that, however originated, the 
coral re^ that we know to-day have made most of their 
growth since the Ice Age. For during the main glaciations 
so much water was locked up on land in the ice-sheets that 
the sea’s level was considerably lowered ; and when this solid 
water was melted and restor^ to the sea the resulting sub- 
mergence would mean rapid upwarcf gj^Wth of corals. In 
support of this we have ^e calculations of Dr. Mayer, who 
showed that for Samoa, at the present rate of growdi, dl the 
existii^ reefs could have been formed since the Ice Age. 
And from other regions comes evidence of the decay rather 
than the growth of reefs, as if the rapid growth favoured 
by the post-glacial submergence was now choking itself. 

But whatever be the origin of coral lagoons, there is no 
doubt that they provide a peculiar, varied and very lovely 
habitat. Mr. Beebe, in his Btmcah Tropic Seas^ has described 
the beauties of this subitiarine world as seen from a diving- 
dress ; and Mr. Pritchard has even sat under water in a diving- 
dress to paint them for us in colours and media that are 
unafiected by sea-water. The coral pillars shoot up from the 
floor of coral sand over coral rock ; there are arches, door- 
ways, caverns of coral. Fish of fantastic brilliance dart in 
and out, the crevices are full of strange worms and crabs, 
here and there the lagoon floor is scattered with star-fish 
and sea-urchins and bright-coloured shells. And the lives 
of all these creatures are centred upon the dominant growdis 
of coral, fliese strange compoipKls of flower-like polyp and 
jqpucroscopic green v^etables, as the lives of all tte animals 
lund plants of a tropical forest are centred upon die trees, 
or die fives of all die prairie fluina upon grass. 
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Holes and Corners of Sea-life 

One could continue telling of sea-life through all this 
volume and never be done, so rich and various it is. But 
we have the life of the land before us still, and we must be 
brief. In this last marine section we will bring together some 
of the sea’s interesting minor habitats. One of the most 
remarkable of special seashore habitats is the mangrove 
swamp, found so often in estuaries and along flat muddy 
shore in the tropics. Here the strangest mixture of creatures 
from land, fresh-water and sea meet each other. The man- 
groves and other kinds of trees invade the mud-fiats, using 
their roots as stilts to keep their stems high. Millions of 
crabs dodge in and out of the roots ; the mud is often as full 
of holes as a sieve — ^the work of armies of fiddler-crabs, the 
males with brilliantly coloured claws as big as their bodies, 
who scurry over the surface and pop sideways in and out of 
the holes ; oysters grow on the mangrove-roots ; the half- 
terrestrial fish Periopthalmus skips over the mud with the 
aid of its fins ; at low tide the ants, descending from their 
nests in the trees, may be seen as they forage over the mud 
round pools in which sea-anemones still spread their tentacles ; 
and birds, lizards, and monkeys come down to steal what 
they can from the sea’s harvest. 

TTie mangroves live by turning their roots into stilts; 
and they reproduce themselves by making dibbles of tbesr 
seedlings. An ordinary seed or fWt simply dropped on to^ 
the mud would be washed away by the tide. Accordingly, 
die mangrove fruit is never shed, and the young plant 
actually germinates within it In the course of she or 
months it devdops a long, solid spike-like outgrowth^ a 
foot or dghteen ii^es long and up to an inch or more t faid e, 
vASch forces its way out through die fruit-waO. At 
dut whole embiyo plant, now weighing about tluee oiiiie% 
faieaki loo^ from its patent and fidb, heavy an4 
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Thus it stabs itself into the mud^ penetrating thither even at 
high tide through a foot or so of water. And at once it 
expands its leaves and begins to grow. 

A widely distributed way of under-sea life is that of the 
boring animals, some tunnelling in wood, some in the shells 
of other creatures, some even in solid stone. The wood- 
borers are sdll the cause of great damage to wharfs and piers, 
and the worst of them, the much-dreaded shipworm, was in 
the days of wooden hulls the cause of serious loss among 
ships. Drake’s Golden Hind was infes^d with shipworms ; 
and at one time their burrowings in tne timbers of Dutch 
dykes threatened to let the sea in over Holland. 

The shipworm, Teredo, is a bivalve mollusc, whose body 
has been elongated till it looks much less like a mollusc than 
a worm, while its shell is reduced to a pair of hard chisels 
at one end, which are moved up and down by powerful 
muscles and serve to excavate the animal’s burrow in the 
wood. The shipworm is further remarkable in that it is 
one of the few highly organized animals capable of digesting 
wood-fibre. Its stomach secretes a digestive ferment which 
converts some of the wood into sugars. It is the only boring 
animal in the sea which is entirely dependent for food as 
well as for shelter on the material in wltich it bores ; and it 
is so strangely specialized that it can only begin a burrow at 
one very early stage of its existence. If an adult shipworm 
*is taken out of its burrow, it cannot make a new one, but dies 
helplessly, British shipworms are rarely more than eighteen 
inches long, but there is a tropical giant which may grow as 
thick as a man’s arm, and six feet in length. 

Crustacea as well as molluscs take to wood-boring; 
among them the gribble {Limnoria) is the worst offender. 
These are tiny creatures, related to the wood-lice, which rasp 
themsdves tunnels with their jaws. Usually they live by 
pairs, a male and a female in ea^ burrow, the female appar« 
endy doing most of the work. The damage they can do 
may be realized from the feet that up to four hundred of them 
hive been found under one square inch of wobd surfeoe# 
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Among shell-borers the sponge Cliona is the best known* 
Its boring activities (carri^ out apparently by chemical 
means) are the cause of the holes and tunnellings so fieguendy 
seen in oyster shells. It burrows also into limestone. This 
sponge is the cause of considerable loss on some oyster-beds, 
for when it is really flourishing it may kill oysters by com- 
pletely rotting and disintegrating dieir shells. 

Another borer which uses chemicals is the date-mussel of 
warm seas ; it burrows into limestone by dissolving it with 
add from a special gland. The familiar piddock or Pholas, 
however, rasps holes in rocks of various kinds by means of 
its shell, as the shipworm does in wood. Then there are 
sea-urchins which by unknown means excavate little hemi- 
spherical chambers for themselves in rocks ; and rock-boring 
worms ; and even seaweeds which use add to excavate homes 
for themselves in limestone. 

The boring habit is by no means confined to water-animals. 
There are no rock-borers on land, but wood-borers are 
numerous enough, almost all of them being insects. Thou^ 
many of these fe^ on the wood they eat, yet none do so 
unaided ; they all depend on the chemical activities of bacteria 
or protozoa, which they carry about with them inside — a 
specialist kitchen-staff. Many other insects once reputed 
wood-devourers have now been shown to feed on the moulds 
and other fungi which grow on the damp walls of their 
burrows. But whether Aey use the wood or no, they oat' 
and all inflictdamage, whether they be termites or beedes, moth- 
caterpillars or wasp-grubs, and thedamageissometimesseiiousr 
But we are getting away from the sea, and before we leave 
it for good we must speak of one curious group of creatures 
— die lazybones of marine-life that get carried about free 
of dboige and effort. Floating objects will natural be 
coveredwith the same sort of peatures as grow fboed oil Saote 
stable bard surfaces ; yet die landsman is idwsQm amaead 
fdienbesees die rnass of creatures diatsucoeedmgsowi||gm 
ship’s bottom within the space of a year or tam^so«^uee 
diat mqi cut down her speed by ten or twenty {w otinr 
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Prominent among these foulers of ships are the goose- 
bamacles ; these, though they grow on piles too, seem to 
have been specially evolved to hang down in the water from 
floating bits of wood. Big fish and turdes and whales are, 
from die point of view of such hangers-on, merely bits of 
floating substance which have the advantage of moving 
quickly; and they, too, are often covered with uninvited 
guests. In particular, the habitat provided by whales is 
suffidendy different from other floating habitats to have some 
unique inhabitants. There are certain ki||^s of giant acom- 
bamades which live exclusively there, anchored in a special 
way in the leathery skin. 

But the most famous of all these passengers is the sucker- 
fish or remora. This carries on its head a powerful sucker, 
produced in the course of evolution by the transformation 
of its back fin. With this it sticks itself on to big marine 
creatures, usually sharks, and is whisked from place to place, 
detaching itself when the shark makes a kill, to feed on the 
fragments. So tight does the remora stick that in several 
parts of the world man makes use of it to catch fish and turtles 
for himself. Professor Haddon has given an interesting 
account of this method of fishing among the natives of 
Torres Straits. First you catch your remora ; you attach 
it to your boat by a string through the base of the tail, and 
then proceed in search of turtle. When you see one, you 
creep softly up, and throw your remora towards it. The 
remora, prompted by its violent instinct of attachment, darts 
for the turde and fixes itself to the shell. If the turde is 
smallish, you simply haul it in ; if bigger, you may yet have 
a chance of spearing it. 

One final point about the sea as habitat : it is singularly 
bare of insects. A few spend their larval lives in it ; and 
there is one solitary spedes of fly which spends its whole life 
in salt-water* It is the only region in the world of life, 
except for a few cold and snowy wastes, where insects are 
not one of die major gronps. 
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§ I 

Fresh-water Life 

M aster Everyman, when he visits the country, 
likes to lean over the sides of bridges and wat^ 
what is going on below the surface of the moving, 
stream. And his interest in brooks and ponds sometimes 
distresses his parents. But he is ^sdnated very power- 
fully by the unBimiliar world that exists under water. As 
he grows up, the pressure of earning a livelihood, the growtii 
of other interests, the restrictive hedgings of convention, are 
more than likely to snuff out this healAy and natural curiosi^, 
which is the necessary basis for science. Let the boy indulge 
in it while he can. 

Meanwhile, what does he see from his bridge ? He sees 
plants that trail and swirl instead of standing iim and erect ; 
he sees Occasional fish dart from one hiding-plaoe to anodiet^ 
or use their tail-propeller to poise stationary in frill conenb 
Ilieie are water-snails, different in sht^ from the saab 
of land; in Ae quiet backwaters and eddies near the bdak 
die tidiirlblig beedes whirl and die waier-skaim pmcali* 
oudy skate on nodting but die waiet^s own snince-fib». 
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On die bottom are little caddis-worms, slowly crawling 
about with their houses on their backs — Chouses they have 
made for themselves out of sticks or shells or little stones. 
If he is lucky, he may see the larva of a dragon-fly or a* 
may-fly crawling out of water on to a rush, bursting its 
ski^ and escaping, a winged and aerial creature. 

And then he goes to his favourite pond, armed with jam- 
jar and litde muslin net. The surface is half-covered with 
a green sheet of duckweed — a plant that ihas reverted to 
the lowly condition of a mere plate of^green tissue — and 
starred with white flowers of water-crowfoot. With his net 
he picks out a sdckleback or two, and some handsome 
newts with their black-and-orange bellies. Then there are 
magnificent great water-beetles, smooth and shiny, stream- 
lined like a submarine, and provided with oar-like legs; 
and unpleasant creatures half-way between a grub and a 
sinall Chinese dragon, with formidable sickle-jaws, which, 
though he does not Imow it, ate the larvae of these same 
wat«P-beedes. He catches plenty of water-boatmen, which 
he notices (he is an observant lad) prefer to swim upside 
down, and is lucky enough to find a water-scorpion. Snails* 
eggs in transparent jelly-mass^ there are in plenty on the 
water-plants; the newt-tadpoles with their feathery gills 
are growing up ; and the place is teeming with just-visible 
water-fleas^ 

It is indeed a strange world, and a varied world, this 
world of fresh-water life ; and Master Everyman could go 
on exploring it for long years without exhausting its sur- 
prises and its interest. And yet it is but a pale shadow of 
marine life. The chief reason for the lesser variety of the 
life <£ inland waters is that many aquatic phyla and dasses 
have tie^ succeeded in quitting die sea. Only a few 
gtouM of water-dwellers, li^ the aquatic insects, the ciliates 
and* me roofers, are more alhmdaat in fresh than in salt-^ 
water, and one only — At amfdubia-^ wholly non-mariiie. 

life an fresh water demands certain sp^dad aKhq»tations' 
which fuK every grdup of anhoals has been^dde to produce. 
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The restricted .size of most bodies of fresh water is uft- 
favourable ; whales or giant jelly-fish or die most active 
type of pelagic fish could not very well thrive even in large 
lakes. The small amount of salt in the water creates another 
difficulty. Blood contains salt as one of its most necessary 
ingredients^ and wherever blood comes in close relation to 
fresh water, as in the gills of water-animals, there is a ten- 
dency for salt to leak out and for water to leak in. In 
amceba we saw a special structure, the contractile vaCuole, 
everlastingly baling out water from the microscopic inside. 
In frogs and toads, the kidney has undertaken ffiis duty; 
if a frog’s ureter is blocked, and the animal is then immer^ 
in water, it swells prodigiously. Bony fish have the poww 
of keeping their blood-concentration almost constant in 
spite of variations in the salt content of the water, and hence 
are well represented in rivers and lakes ; but in the grisdv 
fish the blood alters with the surrounding medium, and, 
accordingly, sharks, dog-fish, or skates are dmost unknown 
in fresh water. The absence of salt also means a lower 
density, and this (as any bather knows) makes it more diffi- 
cult for fiee-swimming and free-floating creatures to keqp 
up ; as a result, we find that the average and especially die 
upper limit of size of fresh-water plankton is mudi below 
that of marine plankton (pp. 32, 33.) 

Changes of temperature are in general more extreme in 
fresh dm salt-water, so that no animals which are in- 
tolerant of wide alterations of heat and cold can hope to 
leave the seas. Again, the danger of being carried vmy 
snd down to the sea is ever present in rivers and in most 
lakes ; and when that possibility i$ absent, dim is often 
die danger of drying up or of rapid rise in salinity* In all 
these reipects fiesh water is a more c x a c tii ^ environment 
dian the sea, and many of the sea phyb bm altogedier 
Sdled to spr^ fiom their original home up dm rivtti km 
fnkotid waters* But in contest to this c o n yaWly^|^^ 
sf printidvdly wsterJiving aeatures^ we ffiid 
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gone back to water after a period of land-life — are much 
more abundant and varied in fresh water than in salt. Any 
land-creature has learnt to overcome difficulties even more 
severe than those we have just considered, and after its 
arduous training, finds fresh-water life comparatively easy. 
Moreover, that such secondary aquatics should prefer fresh 
waters to the sea is perhaps to be expected, since for one 
thing they are not so over-crowded with life, and for another 
the extent of shore-line inviting the evolutionary plunge is 
much greater, in spite of the total volume of water being 
so much less. There are plenty of secondary aquatics in 
the sea — ^whales and dolphins, seals and turtles, plants like 
the abundant eel-grass ; but they make only a poor show 
compared with those of fresh water — ^all the cohorts of 
fresh-water insects, spiders and mites, fresh-water snails^ 
fresh-water lung-breathing vertebrates such as newt and 
crocodile and terrapin, and all the innumerable flowerii^ 
plants of fresh water — water-lilies and water-crowfoot, lotus 
and arrow-head, pond-weed and bladder-wort 

The main reason why a number of land- vertebrates have 
taken to fresh water (the reason holds for hardly any which 
have taken to marine life) is to escape terrestrial beat and 
terrestrial enemies. Such creatures often have the shape of 
their head modelled in adaptation to their amphibious life; 
nostril and eye are raised on protuberances so as to be above 
the water-line when the animal is floating — one has only 
to diink of the silhouettes of frog, crocodile and hippo. 
The conning-tower and periscope of submarines are analo* 
gous devices of man’s contriving (Fig. 13). 

Tlie smallness of most bodies of fresh water is an impor- 
tant ftietor, for it leads to their being frozen when the inex-^ 
haustiUe sea would be merely cooled a trifle, dried 
up when the sea would evaporate a fraction more from its 
eurf^. And* this has imposed lematfcable powers of sdf-* 
protection on many fresh-water creatures. In tenqiecaie 
legions, th^ usually tide over the winter by ny ans of 1 
resistant resting-pha^ whidi may be egg or g em i tti de^ seed 
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or pupa. Frequently, the need for a resiistant winter stage 
togetl^ with that for the utmost possible utilization of 
summer^s warmth has led to a remarl^le type of life-qrde, 
in which generations of nothii^ but females, all partheno* 
genetic, succeed each other diroughout the summer, while 
autumn brings males and sescual females, which produce 
fertilized winter eggs,” hard-shelled and cold-resisdng, 
whidi will only hatch out in the following spring. This 



Fio. 13. — ^The Fresh- 
water Profile. 

Frog, crocodile and hip- 
popotamus all raise their eyes 
and nostrils on protuberari^ 
to be above me water-hne 
when dfiey float. {Modified 
from R. 



^pe of li£:-cycle is found among roofers and in two sqntate 
groups of Crustacea ; but it occurs only among dieir fresh- 
water forms. Certain full-grown rotifers can be frozen 
solid snd remain for a very long time in cold storage with- 
out taking harm. Some whith were dutwed out by die 
Soatt. AMatctic Eiqiedition could not have been less dim 
five years m diis state (i»f..^u4{pended animatkHi. 

In many smsQ cnuiaoea, inhabitants of tmaB po^ in 
dty t^inatn^ die fiatilized egg is not ooid^ieBiatuit bitt 
In fiic^ bi some cases a pofibninaty 
,7i 
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thorough desiccation of the eggs appears to be necessary 
if they are to develop at all. Many rotifers, on the other 
hand, as well as most tardigrades (bear-animalcules), and 
of course many Protozoa, can be desiccated entire even 
when adult, and will yet revive again on being moistened. 
These remarkable resistances to freezing and drying are not 
present in any marine animals — they are not wan^ in the 
sea, there is no selection in favour of them, and so they 
have not been evolved. 

The smallness of fresh waters has another important 
result, for it means that (except for a few vast lakes) they 
do not provide enough room for considerable waves to 
develop. This and the shelter afforded by banks mean that 
the surface of fresh waters will often be smooth, and this 
in its turn has encouraged the development of animals and 
plants of a type almost unknown in salt-water, which live 
in relation to the surface-film. Some of these manage tQ live 
wholly in air and support themselves on this fragile watery 
skin, some suspend themselves from it down into the water^ 
and a number live actually in it, their top-half out of water, 
their bottom-half in. Among plants, the duckweeds ate 
the most completely adapted to this border-land existence, 
but all the forms, like water-lily and lotus, in which the 
upper surface of the floating leaves is dry, l^loi^ to the 
same general type. Among animals, the whirligig beetles 
live most of their active life in the film, so much in it that 
their eyes are divided into two parts, the upper adapted for 
seeing in air, the lower for seeing down into the water t 
and the water-measurers actually treat the sur&oe petikie 
as a floor^ and can skate over it dryshod, mctdy dinmUitt 
it with their feet. Many water-snails, on the other nann, 
even qnjtc large ones, can use the suifiioe-fibn as a c etBlU l^ 
dinging to It with the sur&ce of dieir foot and crawliiig 
dpng it; and* Hydra may sometimes be seen doing ihe 
wmjtting. The ^gs of many gnats and mosqiiicoesjfl^ 
hi a raft in the surfioe-film ; th^ larv»^ wliife 
aii^^ ttu^nonelves from it by meatw of a sfa^mp«|l 
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of plates at the end of their breathing-tube ; and when their 
pupas moult into winged adults, these are only saved from 
drowning by being able to support themselves on the film 
as they struggle out. Almost the only creatures of the 
sea’s sur&ce-film are certain siphonophores, like Velella, 
with sails sticking up into the air, and pol 3 rps and tentacles 
dangling downwards into the water, and a marine water- 
measurer, the sea-strider Halobates, which may skate over 
the waves to quite a distance from land. 

In connection with this life between fh and water, we 
meet with further adaptations. The South American 
Ja^ana, a bird related to the moorhen, is adapted to walk 
over lily-pads to find its food. For Ais purpose, its toes 
are enormously elongated, to spread its weight over a greater 
surface of leaf, as skis or snow-shoes spread weight over 
a greater surface of snow. And there is Toxotes, a tropical 
fish, which stealthily stalks insects sitting on water-plants, 
and then shoots at them with a rapid jet of water from its 
mouth. The insect, thus brought down to the water, is 
held struggling there by the su^ce-tension of the surface- 
film, and is promptly swallowed. 

lliese creatures again remind us of the fact we stressed 
at the beginning of this section — that fresh-water animals 
and plants are highly specialized. The original home of 
life is the salt sea ; to become adapted to living in saltless 
waters is itself an achievement. 


Si 

Thi Life of Flowing Waurs 

One i^eral charactenstic of all running waters is that 
they have no true or jpermanent plankton of thrir owm 
Plankton is constantly eniei&g rivers fi:om below at their 
mouthS) and fiom above out of lakes ; but it cannot colonize 
them. Plankton 6om die sea cannot swim* upstream; 
plankton firom the lakes is aO, sooner or swept oitt to 
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sesu The open water of rivers is not in itself* in any way 
unfiKvourable to the growth and multiplication of plankton 
— ^tfae small Crustacea and especially the quick-generationed 
rotifers from lake-plankton may grow and reproduce through 
several generations when swept into rivers; but all this 
multiplication is pure waste as regards the species, although, 
of course, it may serve in feeding other creatures. This 
source of food may be important ; where Ae waters of the 
Elbe are slowed down on entering its estuary, over ten 
million plankton Crustacea may be foum in every cubic 
yard of water. All these millions of creatures will eventually 
fell from the tree of the species, to be replenished by fresh 
accidental immigrants from above. The one fact of flow 
has prevented the rich open water of nvers from possessing 
its own fauna. 

Indeed, it is rate of flow more than any other single 
fector which moulds river*life. Fast-running water hides 
animals under stones, robs them of the hairs and bristles 
by which small limbs become swimming paddles, flattens 
them, stream-lines the contours they expose to the rush of 
water, causes them to grow suckers or other adhesive de- 
vices, or even forces them to ballast themselves with stones 
to prevent them being washed away. Moreover, such litde 
larvae as serve for dispersal purposes in the sea are absent 
in flowing waters, llie first stage of the marine polyp 
Obelia is a tiny ciliated oval; swimming independently 
about that of the fresh-water polyp Hydra spends the same 
period of its career in a heavy egg-case on the bottom. 
The lobster or the prawn passes through a juvenile open- 
water phase; the river cra3dish develops as an embryo 
dii^ing to its mother’s abdomen. 

the other hsmd, while swift water encourages animab 
to lesKnporaxy attachments a^d wedgings away inso dianoe 
crevices, it mscoian^ all^forms of perman^fy fixed habit, 
for the mison tibat the bottoms of swift wfia are largely 
oomposed of loose stones whjdb, and over, 

lAbrd no permanent abode dsemaelvesk liifi would crodi 
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most organisms growing on rock; and, further, food is 
so scarce or so rapidly carried past (or both) that animals 
cannot afford to be tied to one spot. In the swift streams 
of temperate Europe, only thin crusts of one kind of fresh- 
water sponge and occasional colonies of a polyzoan are 
found in place of the sea’s horde of stalked animals. Since 
plants cannot develop temporary anchors, and yet are ex- 
posed to the same violences of current and down-driving 
stones, they too are only poorly represented in rapid streams. 

That it is the speed of the water, not the size of the stream, 
which is chiefly responsible for these adaptations is shown 
by the fact that when giant rivers, like die Congo or the 
Essequibo, have stretches of rapids on their middle course, 
the fauna and flora show adaptations of precisely the same 
nature as those found in a Westmorland beck or a Swiss 
torrent. 

In streams with gender flow^ these adaptations are not 
necessary, and are not found. \^Tien the flow is very slow, 
slow enough to allow the deposition of fine sand or mud, 
a special fauna arises to exploit this bottom layer, and may 
show some remarkable adaptations. Aquatic brisde^worms 
like Tubifex, Limnodrilus and Lumbriculus, which reseraUe 
miniature eartlnvorms, may occur in vast quantities in such 
localities. In the Elbe below Hamburg, about 27, tw 
such worms may inhabit one square foot; at low tide in 
central London great patches of the mud can be seen coloured 
dingy red by Tubifex. These worms often construct tubes 
for themselves. They bury their heads at the bottom of 
these pipes, and eat the slime ; die tubes stick up like chtm* 
neys above the mud-surftioe, and from diem project die 
posteriots of the worms, waving rapidly to and fro to 
fictUtate respiration, whk^ is can^ on, not only by dte 
mxt&ce of the body, but also by rhydunically pass^ water 
m and out of the hind-gut dm>u^ the anns. They 
&e earthworms, constandy eath^ tlieir habitat, ic%jai|hlg 
Ae mitridous bits from it, and qecting die rest as 

11^* acivity in diis respect is pcod^io^ • 
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an inch and a half long may produce five feet nine inches 
of faecal castings in the twenty-four hours ! The huge 
numbers of worms thus continually bringing up new material 
to the surface, where it can be readily oxidized, play valuable 
roles in purifying foul water. 

Other slime-feeders, which may even exceed these worms 
in bulk per unit area, though not in numbers, are little 
bivalve molluscs. In other parts of the lower Elbe one of 
these, Sphaerium by name, abounds to the extent of nearly 
7,000 per square foot. 

In less muddy regions, the predominant river-animals 
are insect larvae. Everyone knows the dense swarms of 
mayflies that hover over our fivers for a brief spell in early 
summer. Their adult existence is brief, never more than 
a week, sometimes only a single day, for their mouths never 
open and they cannot feed. They have lived all their 
previous life of one, two, or even three years in burrows 
in the banks. Many of the alder-flies and dragon-flies and 
scorpion-flies have river larvae too, so that the number of 
insects whose main food-supply is found in rivers is a very 
large one. 

All such abundant small animals, at some stage of their 
career, afford rich food to larger forms. Of these the most 
important are the fish. Here, among fresh-water fish, we 
are able to trace with' beautiful clearness, not only certain 
definite adaptations to fresh-water life, but the way in which 
increasing difficulties of adaptation weed out more and more 
of the competitors for existence. 

Rivers may be divided into sections according to their 
dominant fish. In Europe, the head-water region, with 
swifttest flow and clearest water, is characterize by die 
trout, with minnows, miller’s thumb (Cottus g(^) and 
loach (CotUis iar 6 €Uiila) in attendance. Below this is often 
a zone with dotninanoe of tlkgraylh^ (TAymallus ytdgaxis^ 
and then the barbel region ; or diis htter may immediately 
succeed that of the trout Then comes the quiet-flowit^ 
domain of the bteam; and down-river from this dbe estuarine 
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region, with stickleback and smelt as most prominent mem- 
bers, pike and eels in its upper, less salty zone, and flounders 
and, in some rivers, sturgeons in the zone nearest the sesu 
These regions do not always succeed each other in this 
precise order, since streams may for instance have a region 
of rapid flow and pure water, and therefore of trout-fauna, 
intercalated on their middle course. But the order holds 
as a general rule. 

Now as we go up from the river-mouth, in the first place 
the habits and the body-form of the fish change. Flat-fish 
never go far up the rivers, since food-rich bottoms of clean 
sand are absent. The chief estuarine types are those, like 
sticklebacks, adapted to rapid changes in salinity, or, like 
eels, to a muddy life. Above this stretch, within the true 
river, the shape of the body changes steadily with increasing 
rapidity of current. In the lower reaches are forms with 
poor musculature and sideways-compressed body. In more 
rapid currents, more muscle is needed to keep up, and the 
body must be more rounded so as to expose less sur&oe to 
the flow of water. At the same time, the proportion of 
mud-rooters diminishes, the proportion of those which prey 
on tit-bits floated down in the current increases. 

And finally the number of species diminishes. The 
number of fish species in the Rhine is as follows : In Hol- 
land, 41 ; in the upper Rhine just below the falls, 28 ; above 
the Lake of Constance, 25 ; up to 700 metres above sea- 
level, n ; up to 1,100 metres, 5 ; to 1,900 metres and ow, 
only 3 (trout, minnow and miller’s thumb). And similar 
figures may be found in other rivers all over the world* 

Perhaps the most remarkable of river-fish are the mjgra:<* 
tory members of the salmon femily, whidi feed and grow 
in the sea, but for their reproduction migrate up rivess, 
often for hundreds or even thousands of miles, to the shallow 
head-waters, where in “ redds sooopedin ^ graved, under 
Ae well-oxygenated water, the eg^ are hid and fertib jh L 
Sometimes the great fish crowd into sudi shallow watevs 
ate scarcely submerged. In Alaska even 
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and thdr cubs come to the brooks in salmon time and scoop 
the creatures out of water with their paws« In some spedes 
of salmon the spent fish may drop down to the sea again ; 
but in others, not one of all the swarms which enter fresh- 
water survives ; they make the great journey but once in 
their lives, and die when its biological purpose has been 
achieved. During all this time the fish seem to eat nothing, 
and their stomachs are contracted and secrete no gastric 
juice. All the energy for the journey and much of the 
materials for the development of sperms 4tnd eggs are ob- 
tained pardy from the reserves of fat and musde-sugar in 
the tissues, and partly at the expense of the living flesh itself, 
so that the fish are left in a very emadated state after spawning. 

Considerable dispute has taken pl^ as to 'v^hether the 
salmon family were originally fresh-'^ter fish which have 
taken to marine feeding because of the greater abundance 
of food to be obtained in the sea, or miuine fish which have 
taken to fresh-water breeding on account of the greater 
security provided to the eggs and young fry. But the latter 
view is in all probability true ; so that permanendy fresh- 
water species like the trout are degenerate or at least special- 
ized forms which have secondarily ceased to migrate.'? 

The incredible concenfradon of these fish in the early 
spawning season at jthe entrances to rivers makes the salmon 
fishery the most important of all river fisheries. In Canada 
alone, the value of the Padfic salmon caught in 1922 was 
thirteim million dollars. 

Sturgeon and their relatives behave exacdy as do die 
salmon, and like salmon, they are captured on their 
long pilgrimage of reproductive destiny and turned to 
human profit. Fresh-water eels, on the other hand, execute 
a breed^ migration in die opposite dtrection, as JCingsky 
has vividly desaibed in his fiTorar Babies. In early autumn 
the mature eds, leaving^tbe t}illet ponds where ^ey have 
lived and fed for years, tod olten ccawlti^ a ntfie or more 

across wet grass in the wd td^ m leadb & 

nadce their way down to dir aea,. In pe^pacaiiiQigi for ^ 
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ixiigradoci, they change their whole appearance, and Stom 
what fishermen call ** yellow eels ” b^ome silver 
Their bodies grow silvery, their eyes enlarge enocfftously, 
their snout becomes pointed, their reproductivie organs 
swell, and they cease to feed. 

On reaching the sea, the eels are led by some mysterious 
instinct towards their distant breeding-places in the depths. 
English and Scandinavian eels, and even those from the 
recesses of the Baltic, travel across the whole Atlantic to 
the borders of the Caribbean Sea, where, at unknown depdis, 
they spawn. The eels of Eastern North America, though 
of a different species, spawn close by. Those of Mediter- 
ranean countries spawn in the deeps off Sicily. The object 
of their pilgrimage thus attained, the creatures all die. 

The eggs hatch into transparent leaf-like creatures, at 
one time thought to be a distinct genus of fish, and described 
under the name of Leptocephalus — “ thin-head." These 
migrate slowly homewards, feeding and growing all the 
while. Johannes Schmidt has mapped them by their size^ 
and by this means was able to show where tl» breeding- 
place must lie. -Eventually, when about three years old, 
and two inches and a half to three inches long, they meta* 
moiphose rapidly into a miniature eel or elver, shrinking 
considerably as they do so, and swim in dense hordes into 
the mouths of rivers, where they are often caught by the 
bucketful for food. The American eel is more of a hustler ; 
it metamorphoses before it is two. 

There can be no doubt that eels were originally marine. 
The conger eel is wholly marine, and it too breeds in Ae 
deeps and has a s imilar leaf-like larva. So that die fiedl* 
water e^ is the reverse of the salmon. It has kept to ita 
original deep-water breeding-place and feeds in femh-water 
alone. 6odi salmon and eel have talm advantage of thdr 
adaptability to penetrate from the sea to waters where Aere 
i^less competitionf but they exploit feesb*water ibr different 
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way in which it pollutes its rivers. Sewage ; the poisonous 
nin-ofF of certain kinds of tar on roads ; chemical effluents 
of every description — ^they turn our streams filthy and turbid 
and destroy the best of their life. The prevention of pollu-^ 
tion is a complex problem, with its economic as well as its 
biological sides, and we cannot enter into it here. But we 
can drive home the facts with the aid of a single example. 
The sewage and the chemicals in the Thames to-day would 
kill any salmon that tried to swim up or down its lower 
course. But less than two hundred years igo, the Thames 
was a good salmon river. And in the thirteenth century, 
the Thames at London was so full of fish that when Henry 
III was presented with a polar bear by the King of Norway, 
it was kept at the Tower of London and allowed to swim 
about at the end of a rope and supplement its allowance 
with the fish it could catch. 


§3 

Tke Life of Standing Waters 

The life of fresh-water that is not moving is very different. 
There is no hurrying flow to inhibit plankton and larvae 
or to insist on firm anchorage, and the size of bodies of 
standing fresh-water may be so great as to permit a regular 
stratification of open-water life by depth, in faint imitation 
of the sea’s vaster economy. 

Lakes, owing to the physical properties of water, rarely 
freeze solid. Pure water is densest at 4° C., not (like almost 
all other liquids) at its freezing-point ; thus, in winter, after 
die whole mass of water h^s be^ cooled to 4^, further loss 
of heat from the surfrce will leave a cold layer of tempera* 
/Cure lower than 4** floating on the rest; this will freeze, 
and, owing to the pom: h^-dbnductivity of water, further 
dulling of the air will cool the lower layers but slowly* 
If, as with most liquids, the density water steadily d^ 
cteased to its fieezing*poiatv a circulation of the lake-water 
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would take place until all was at and then the whole 
mass could freeze almost at a bound into a solid block of ice. 

As a result of this peculiarity of water, organisms can 
survive through the winter under the lid of ice, doubtless 
in a torpid or semi-torpid condition owing to the low tem- 
perature, but without having to develop special adaptations 
against damage due to the freezing of their tissues. Since 
no vertebrate animals are known which can survive long- 
continued freezing solid, it is probable that if it were not 
for water’s peculiar property of being heaviest at 4® C., 
there would be no fresh-water fish or amphibia in existence, 
or at least none whose adult life surpassed a single season. 
This property of water is one of the central themes in L. J. 
Henderson’s interesting book. The Fitness of the Environ^ 
menu 

In all deep lakes in temperate regions the bottom water 
will be permanently at 4® C. Twice a year, in spring and 
autumn, the whole of the lake will be at this temperature. 
But the surface water will be the warmest layer in summer, 
the coldest in wmter. 

The plant-inhabitants of a lake margin are for the most 
part an invading army, taking possession of this vacant but 
difficult territory under stress of terrestrial competition. 
As the water deepens, the invaders change their tactics* 
Near the edge they are merely paddlers, wiffi only die roots 
and a litde of the stem below the surface. Fardier dut 
they must wade, and (to keep the animal mfetaphor) must 
grow longer legs, like any heron or flamingo. Some become 
amphibious, with part of their foliage below water, thoo^ 
the plant as a whole is still constructed on principles taken 
over fk>m land-life. Deeper yet, and the whole {dan is 
altered. Still clinging to air, the drowning plant sends up 
leaves and flowers to float at the surface at ti» end of staQcji 
iim axe no longer supf>ort5 but mere flexible 
cables and ti:ans]>ort-conduits. Such axe dia water^BBes* 
Finally, Ate deepest venturers discover diat ^metrion nettl 
not mean drowning and like the pond-wmds, tdier ihi 
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whole Structure of their leaves so as to be capable of food- 
manufacture and breathing under water. 

It is more difficult to re-adapt reproductive methods to 
a submerged life; the dry dusty pollen, evolved during 
aeons to be floated on the wind or to powder the hairy heads 
and backs of insects, does not take kindly to a wetting. 
Some plants whose vegetadve life is all submerged, like the 
pond-weed Potamogeton, sdll send their flower-shoots up 
into air; the famous Vallisneria detaches male flowers 
while sdll closed; these float up to the Surface and open; 
^e sepals bend back so as to raise the anthers to the level 
of the sdgma of the female flower, which, meanw'hile, has 
been paid out to the surface at the end of a long thin rope 
of a stalk. The male flowers, drifting hither and thither, 
may come to rest in the litde harbours between the sepals 
of the female flowers, and then some of their pollen gets 
rubbed off against the sdgma. Once the female flower is 
pollinated, its stalk contracts into a spiral and pulls it down 
to safety near the bottom. 

A few plants, however, have adapted their reproducdve 
as well as their vegetadve life to water. Naias, a reladve 
of the marine eel-grass Zostera, forms pollen-grains with- 
out the usual outer coat, and elongated and thread-like 
instead of rounded in form. These are discharged under 
water; their large reladve surface helps to, float them, and 
some drift into contact with the sdgmas, which, too, are 
submerged. Accordingly, Naias and its reladves extend to 
greater depths than other secondary aquadcs among plants, 
being released from all need of contact with the air; they 
are only limited in their downward invasion by the diminu- 
don of the light as it Alters through the water. 

Be^desjthese secondary water-plants, there are, of course, 
^others ($u^ as Spirogyra and other thread-al^) whidi 
havni hm aquade diroi^^i# all their histoiy. None of 
these^ howeier, attuf in me fresh-water cpmifunity any- 
thing like the eiae or the mgmtmxi of iheir thadne con- * 
geners the seaweeds. 


po 



LIFE IN FRESH WATER AND ON LAND 


The animals of lakes are also perhaps best classified into 
the secondary invaders of water and its permanent inhabit 
tants. The latter, save for one group, are less important 
than the former in size and variety. They are largely com** 
posed of small creatures belonging to groups from the lower 
Crustacea downwards — ^water-fleas, slvimplets, rotifers, the 
little coelenterate hydra, fresh-water sponges, flatwonns, 
and protozoa. The secondary invaders, on the other hand, 
include all the thousands of insects which live in water either 
all their lives, like the great Dytiscus beetle and the water- 
boatmen and water-scorpions ; or through all their growing^ 
larval existence, like the may-flies, caddis-flies, stone-flies, 
and the great dragon-flies, falcons of the insect world. 
They include also frogs, toads, jalamanders and newts 
during a certain season each year of their adult life ; also 
most water-snails, and all the water-birds. These last are 
more bound to land and air but, like the plants, dirow 
out representatives to ever more aquatic life, from paddtert 
like the sandpipers to waders like the heron, and so to 
swimmers; and the swimmers become more and more 
bound to their medium as we pass from surfiioe-feeders 
like moorhens and gallinules'and bottom-grubbers like the 
swan, on to divers like the divii^ ducks and the grebes. 

The single exception to the dominance of secondarily 
aquatic forms in lakes is an important one — the tkh* 
Whereas the economically important river-fish are mosfly 
wanderers to or from the sea, those of lakes am home pro- 
ducts, and some lakes, like the Caspian and the Sea of 
Galilee, provide vast quantities of food to the neighbourtng 
countries. 

In gbierd, the plankton of lakes is much less well- 
developfd than that of the sea, and as direct oonsequenoe of 
this, active pelagic fish are 1^ abundant bottom-fiaedert 
m#eabundwrdianin^sea. Among ^ few 
feeding feesh-water fish are various meiSbers of the stfeWM 
fe4%, sudi as the different species of whhe-fedr 
gomts) and some lako-trontf As most of die boH^ 



THE DRAMA OF LIFE 

lakes is covered with fine slime, in whose nutritious lap live 
abundant insect larvae, worms and bivalves, many of the 
bottom-feeding fishes are provided with long whisker-like 
feelers, with which, as a matter of fact, the fish can not only 
feel but also taste ; and also adaptations in the shape of the 
tail (as in the sturgeon) or the backward prolongation of 
the ventral fin (as in some of the catfish) which serve to 
force the head down in its roofings among the mud. 

The large plant-plankton, as in the sea, coipsts largely 
of diatoms and peridinians; but again as in the sea, the 
dwarf-plankton, which passes through the meshes of the 
finest net, is even more abundant. 

The animal-plankton of lakes comprises for the most 
part small Crustacea and rotifers, and besides that a few 
water-smites and protozoa; but very few insects have be- 
come so completely readapted to aquatic life as to have 
taken to open water and to the peculiar feeding, methods 
fiiere needed. Though the plankton may be abundant, yet 
even in quantity it falls below that of cool seas ; and in 
variety it is infinitely infepor. One or two interesting 
plankton animals deserve mention, notably the little glassy 
carnivorous Crustacea, such as Leptodora. 

In the great majority of lakes, in consequence of their 
smaller depth and their smaller geological .age, there is 
practically no special deep fauna or flora. It is only in a 
very few large, deep and comparatively ancient lakes, like 
Baikal in Siberia and Tangan}^ in Central Africa, that a 
real deep-water world of life exists. In other lakes there 
may be deep-water forms, but they are ubiquitous creatures 
foii^ also in the shallow zones, and have not had time — 
sinoe most lakes are geologically very short-lived — ^to become 
spedally adapted to the peculiar habitaL But in Baikal, 
m instaiwe, at about 600 metres depth there are gammarid 
Crustacea which are blind and t^ve antennae limbs 
elongated as feelers, and £sh like Comephonts, which has 
lost almost all its pigment and k a dfinmieriiig^ pinlL In 
Bailtwl, die gamrowitb are the dominant group of cnisiaoea, 

9* ' 
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and have launched out into all sorts of peculiar ventures* 
The same sort of thing has occurred with the fish of Tan- 
ganyika : over half of its 150 species of fish belong to one 
family, the Cichlidse, and the great majority of these are 
products of Tanganyika evolution, found nowhere else in 
the world. 

But we have devoted our attention long enough to the 
inhabitants of watery worlds. It is time we turned to the 
creatures of land and air. 


§4 


Land Habitats 


There are only a few groups of animals and plants which 
have succeeded in invading the land. Here perhaps we 
may add a note on the reasons which prevented animals of 
certain other types of construction and ways of life from 
succeeding. First the net weight of an organism in water 
is negligible. In sea-water, protoplasm weighs only about 
a thousandth of its total mass ; even in fi^h-water, only 
about a two-hundredth. But in air, weight counts. And 
so all animals and plants without some means of mechanical 
support are debarred from terrestrial life. No jelly-fish 
can conceivably be imagined which could successfully invade, 
a land habitat. There are a few land-animals that lack a 
skeleton. But in these, earthworms can only exist in the 
soil ; and land-planarians are confined to hot, moist places* 
Slugs and land-leeches are the most sucoessfiil of such 
creatures; but they both need a dampish atmospheie* 
Each iS| however, in its own way, successful. The slugs 
are serious enemies of the gardener ; and in some parts of 
die tropics the armies of land-leeches, attached to the 
tation and constandy waving their bodies zbmt in sei^ 
of{iossible prey, are among the most unplestfant pests 
wh^ e9q>lorer and {uoneer have to contend* 

And| secondly* no cteature whose whole Hfe is adaoisd 
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to current-feeding can become terrestrial. Even if (as is 
tnrobably impossible) the current-producing dlia could 
become adapted to bating in air instead of in water, there 
is scarcely any floating assemblage of living things or their 
debris to be captured from the air, since, weight in air being 
what it is^ all particles above a minimal size sink at once to 
the ground. For this same reason no sedentary animal 
which merely spreads its tentacles for prey can live on land. 
The tentacles would collapse and the abundance of prey is 
not there. Only much later, by new d^ces specially 
adapted to air and its inhabitants, have creatures like spiders 
eiqploited this catchment method of gaining a livelihood in 
terrestrial surroundings. This difEculty rules out from 
land-life the whole group of hydroid polyps, the jelly-fish 
and the corals; and the impossibility of current-fei^ing 
debars all the sea-squirts and other tunicates, the bivalve 
molluscs, polyzoa, lampshells, and lower chordates like 
Amphioxus. 

No echinoderms have ever left the sea, although they 
possess a skeleton, and the free-moving types are not 
dependent upon current-feeding. On the other hand, their 
whole locomotion depends upon hydraulically-operated 
tube-feet, which could not easily be made over so as to work 
in air. 

The substitution of protected stages of seeds for ftee- 
living Stages and emb^os for larval forms, in the life 
history, is one general nile of aerial adaptation — to which 
only die insects furnish excepdons. 

The habitats open to life on land are more varied than 
in any other m^ium. But many of them are already 
fiiniliar to Mr. Everyman, in virtue of the bet that he is 
htms^f an air^jmadier. Though he does live in a town, 
he has visited various parts of the country, and so (like 
Monaieuif Jouidain, who found he wl been spealdng prose 
all his life without knowing it) has unoonsck^usly imbfeed 
a knowledge of the chief habitats of temperate legioos* 

He has wall^ over the ciDfe<ro|q>ed ocwnland, ind 
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the rich water-meadows. He has seen" the hares (Ae mad 
March hares) chasing each other in spring over the open 
fields, and noticed that they avoid the woods. He knows 
the difference between a pine-for^t and an oak-wood — the 
one permanently dark, carpeted with litde save a thidc 
brown layer of pme-needles, the other lighter and widi a 
richer undergrowth, especially in the spring when the roof 
of leaves is not yet grown, and the primroses and wood* 
anemones and wood-sorrel cover the floor of the wood 
widi blossom. 

He knows the barren sandy heaths, alive with rabbits, 
bright with purple-flowered heather in July and yellow 
gorse in spnng; the meadow-pipits sing ^ere, ai^ the 
nightjars lay &eir eggs on the bare ground. If he has 
visited Dartmoor, or the Lake District, or Scotland, he 
knows what a moor looks like, and has seen a peat-bog; 
he realizes that there are habitats so poor that trees will 
not grow on them, and can readily take the step in imagina- 
tion to the more barren tundra of the arctic or the craggy 
regions of high mountain ranges. And yet these places, 
too, are full of beauty and of life ; there are ravens and 
falcons in the crags, dippers by the streams, sometimes red- 
deer and mountain-hare, grouse or ptarmigan. The stones 
are covered with lichens; between them grow mountain 
flowers, smaller but olten brighter than those of tiie low- 
lands. 

Or he may happen to Sve in the Middle West of America ; 
and then he will Imow the great sweep of the prairie, ooveied 
with flowers in spring, growing into a sea of grass later in 
the -year. 

If be has any curiosity and interest in natural history^ 
he will ktiow something about the commoner land pham 
of Us country, the commoner land beast^ birds, insects, 
and other animals, and where and how th^ Uve» Com*** 
pacatively few people know by personal expmtnce wfast n 
or a spkMiwct^ a spoagBf a .ea-cucumber at * 
lo^ in tfacir natmal 



THE DRAMA OF LIFE 


they inevitably have some acquaintance with rabbits and 
robins, bees and beetles, spiders and slugs, snakes and frogs 
and earthworms. 

We cannot deal with all the diversified habitats of land 
in detail ; many of these more fiimiliar ones we shall leave 
out, or will deal with certain aspects of them only, in later 
chapters. Here we will take a few of the more striking of 
the contrasted habitats of dry land, and those that are likely 
to be unknown by personal experience to most of our readers, 
in order to bring out the salient facts of life^^ adaptation to 
land. 


§5 

The Desert 

We may begin with the desert, since this possesses in 
exaggerated form all the characteristics which made the land 
hard to colonize. Botanically, the desert is at the other 
end of the scale from the tropical forest. In the equatorial 
forest, all that a plant can desire is provided ; the difficulties 
arise not from the harshness of the surroundings, but from 
the fierce competition due to the very ease of growth. In 
the desert, on the other hand, the soil is at the best of times 
not fiilly exploited; the desert plants provide an extreme 
example of what ecologists call an open formation, with 
great stretches of barren plandess environment between the 
scattered units of life. There is little struggle between 
plant and plant, but intense struggle of organism with 
inoxganic nature. i 

On otir globe, a double desert zone exists, girdling the 
tropics on both sides. The great Palearctic desert embraces 
the Sahara and all of Egypt save the coast and the Nile 
valley ; Sinai, Aiabia, the*Syri|n desert ; and so across parts 
of Persia md A^lumistan to Turkestan, Tibet and die 
Gobi, with a side-branch into Western India. The* Nordi 
American desert, including the cdebrated Deadi VaUey; 
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reaches across some of the south-western Stales and northern 
Mexico. On the other side of the equator there is a corre- 
sponding band of deserts in South America; in South 
Africa there is the Kalahari ; and Australia can boast of 
the earth’s second largest area of completely desert land. 

It is difficult to define a desert meteorologically. In 
general, it is of course a place of heat and drought. The 
rainfall is usually low, very variable from year to year, and, 
if it does not fall in minute amounts whidi evaporate again 
before reaching the roots of the plants, is often confined 
to a few heavy bursts which run off before they can soak 
deep. Deserts are not only hot places; they are places 
with very great fluctuations of temperature, both yearly 
and daily. This is doubtless in the main due to the clear- 
ness of the sky and to the absence of vegetation and of water- 
vapour. With a clear sky, heat radiates unbrokenly in 
from the sun, out again into space ; but a blanket of vegeta- 
tion impedes the passage of heat into or out of the soil. 
Where plenty of water exists, much of the sun’s heat is 
used up, without rise of temperature, in transforming water 
into water-vapour ; the restoration of this latent heat during 
night-cooling again acts as a damper on rapid temperature- 
d^ge. In a desert, this temperature-buffer is almost 
absent. In addition, water has a high ** specific heat*’; 
if we put the same amount of heat-energy into a pound of 
water on the one hand and a pound of dry earth on die odier^ 
the second will get hotter than the first. That is anodier 
reason why wet clayey soils are “ cold,” why the waterless 
soil of deserts heats up and cools down with such surprising 
rapidity. The result is that the night temperature mof 
diDp below freezing-point after a day maximum of 8o^ ot 
90^ F. In many deserts the minimum temp^ture usually 
keq)s )pst above freezing. But then, one year, dun is a 
frost; it can be imagined what damage tlik 'trill do. 

passing, it may be noted that merdy irrigating a desert 
widi wsaer will not convert it to fertility. It works for a 
short time, but owing to the intense dryness of the air the 
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yfmter evaporates very quickly, leaving behind it any salts 
it may have contained. These gradually accumulate in the 
soil, until the last state is worse than the first. This problem 
of At caking of irrigated desert soils with salt has already 
become acute in various regions, including parts of Egypt, 
and soil science is being hard put to it to find a way out of 
die difficulty. 

Deserts are violent places. As there is no mist and hardly 
any water-v^>our in the air, the intensity of sunlight is 
greater in deserts dian anywhere else save pSfhaps the tops 
of high mountains. Not only temperature and rainfall, 
but also relative humidity and windiness show huge fluctu- 
ations. A North Sea gale is nothing compared with the 
gale experienced by the explorer Augieras in the Western 
Sahara, which lasted nine days, and was so violent that he 
could not stir the whole time from out of the lee of a 
sheltering rock. 

We are accustomed to the two great cycles of day and 
year. Near the poles, the diurnal cycle drops out over a 
large part of the year. In som^ deserts, on the other hand, 
it is the yearly cycle whidi ceases to be important. Whole 
years may pass without rainM, and there may be no regular 
relation between weather and season. Biologically speaking, 
the cycle of the year may cease to coimt in deserts ; and 
only the long-range periodicities, such as the eleven-year 
cyde, of whi^ we shidt speak in a later chapter, with ^eir 
disturbing effects upon eardi’s weather, make much difference 
to desert plants and animals. 

In less extreme deserts, however, the seasonal cyde 
reimains ; there is a brief moist spring, and then indeed does 
the desert blossom like a rose. Tlie bare soil comes to 
life, green shoots push up, burst into flowers that carpet 
die land with colour and bring with diem as their biologicd 
attendants the hum and fludbr of Iwarming bees and butter- 
i^; the seed is set; and a W weeks htw att has dts^ 
the bare soil, dotted whh a ftw pmeimtat thonis, 
alone remains* Cindeim’s coddh has turned fandt 
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into a pumpkin, her lovely dress into dead leaves-^nly 
the change seems even more miraculous, for at first sight 
it looks as if the desert’s beauty had vanished into nothing. 

In reality, one half of the plant-life — the annuals — ^has 
retired into drought-proof safes, in the shape of seeds. The 
other half, the perennials, have their permanent being sub- 
terraneously, in living store-houses that we call bulb or 
tuber or fleshy root. In the few spring weeks they do all 
their year’s work, of manufiicture and reproduction alike, 
and then retire to vegetate invisibly below ground for die 
rest of the year. 

But the most striking desert plants are the big fleshy' 
water-storers. The most familiar of these are the cactuses, 
but the spurges (Euphoriias) and many of the composites 
of deserts have been modified in the same direcdon, often 
so thoroughly that all save experts mistake them for cactuses. 
The agaves and aloes and Spanish bayonets show similar 
but usually less striking modifications. In such plants, die 
roots are generally deep, the tissues fleshy and built so as 
to be able to store laige quantities of water in their cells. 
All plants must be constandy passing water from root to 
stem and leaf and out iuto the air as water-vapour; the 
current serves for vital transport ; but in these disen plants 
its amount is, by one means or another, cut down. This 
enables them to draw water out of di6 s^ during the rains 
and to store it for the hard times ahead. A Itibemating 
bear or hedgehog lives through the time of food-scardty 
on its piled-up stores of flit; a cactus lives through the 
time of drought on its stores of water. 

The usual method for achieving this is by a peat xedoo- 
tion o(,di^ surfiice from which water can be given off as 
vapour ; very often, as in cactuses, the leaves are small and 
temporary, or even absent, and their work is handed ovef^ 
to itwoKm stems, whidi eiqiose a mudi smaller sucfiioe to 
die air in proportion to their hulk. The dimax is readied 
in die barrel-cactuses, which stand about in the deaert Mse 
casks, wid Bk^ casks are ftiB of water; but dldr mkSmfe \ 
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are beset with wicked spines to protect the precious fluid 
inside from browsing animals. In passing, it may be 
pointed out that the plants that retire underground for the 
dry season and live as bulbs and the like are really doing 
something very similar, though more extreme, for they 
cut their transpiration-current down to zero during the 
drought; and those which bridge the dry season in the 
shfpe of seeds go one better, by getting rid of all their 
water and passing into a desiccated state (4 suspended 
animation. 

In the perennials, which do not die down above ground, 
mere reduction of transpiring surface is aided by other 
adaptations — ^the cuticle is varnished over witli wax or 
resin, or a thick coat of hairs checks diffusion, a layer of 
cork protects the stem-tissues from evaporation, or the 
microscopic plant-mouths through which the water-current 
vaporizes out are tucked away in deep pits on the under 
side of the leaves. Often, too, especially in salt and “ alkali ” 
deserts, the amount of salts in the cell-sap is very high; 
this holds water and makes it harder for it to evaporate 
away, while at the same time helping the roots to pull water 
out of the soil. 

Spines and thorns are a frequent accompaniment of desert- 
life. ' Hedges of prickly pear are more impassable than 
barbed-«wire entanglements, and are often used for military 
purposes in protecdng forts and camps; and the spines 
with which the agave’s leaves are tipped are really formidable 
stilettos. In part, spininess seems to be the direct out- 
come of dry surroundings ; but the tendency in that direc- 
tion has undoubtedly been improved upon by Natural 
Selection to protect the succulent tissues — often the only 
source of moisture for miles — ^from animals. In certain 
African agaves the long leaves are tipped with black- 
brown, and surest die same and sharpness as 

the leaves of ordinary agaves. Sat in teaiity the tips are 
perfecdy soft and fles^le^ummy spines. Apparendy we 
mtve hm a case of mimicry among plants, a^ogons to 
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that of the dead-nettles which look like stinging nettles. 
The harmless plant gains an advantage by looking like a 
dangerous one. 

The desert has the same dual effect upon life as have other 
habitats with a combination of special and very un&vourable 
conditions. It exercises a rigid selection upon immigrants ; 
and it calls forth a number of special adaptations in those 
which are successful in entering in. No true aquatic animals 
can live in deserts, save in the sparse oases. Amphibia^ 
with their moist skins, are almost all turned back at the 
frontier; and so are those other moist-skinned animals, 
land-leeches and land-planarians, and those groups of insects, ' 
such as may-flies and dragon-flies, which have returned to 
water for their growth-stages. Animals confined to a 
purely insect diet and incapable of flight are almost unknown 
in deserts, probably because insects are abundant only at 
one season. Owing to the general scarcity of life, large 
animals are absent; the maximum size diminishes as we 
penetrate from the half-desert or desert-steppe to the true 
desert heart. 

As a result of this selection, the types of animals whidi 
make up the bulk of the desert fauna are those which were 
already provided with a dry skin and a wholly terrestrial 
life-history — ^beetles, butterflies, Orthoptera and Hymcn- 
optera among the insects ; centipedes, scorpions ; and among 
vertebrates, birds, mammals and notably reptiles. 

Those of other groups which have passed the immigration 
test have done so by means of special aptitudes. Land- 
snails are not unsuccessful desert forms; they owe thdr 
success to their power of closing the Opening of their shells 
with a door of hardened mucus, behind which they sleep 
away the driest time. A few land-crustacea in the form oi 
woodlioe live in deserts^ most of them have a high dome- 
sfa^pe^ which reducefly|lh#r relative jur&oe. No tailed 
amphibia exist in any amart ; but there are a few frogs and 
toads. In the Ausmlian desert, four spedes ate not mi* 
oommon. Th^r are widiout any annad breoting 
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and can spawn immediately rain falls, whatever the season 
of the year. One spedes makes burrows down to the 
Just-moist soil of torrent beds, and lays its eggs in a foamy 
mass at the bottom of its burrow ; development proceeds 
within the egg to the early tadpole st^e, and the eggs then 
wait for rain ; when the rain comeC the ^ggs swell up, 
burst, and reles(^ the tadpoles, whid ^geow rapidly and 
change into frogs. One form, called Chiroleptes, has 
taken a leaf out of the cactus* book, and stores water. An 
Australian observer wri^ : “ If you put a lean dry herring- 
gutted Chiroleptes it4F& beaker with two inches of water, 
in two minutes your frog resembles a somewhat knobbly 
tennis ball.’* Absorption goes on all over the skin, and the 
I water is stored not only in the bladder ^ut in the sub- 
cutaneous tissue and the body-cavities, making thl^|||rog 
nearly spherical. The blackfellows, if hard pressed, it 
as a source of drinking water. This is the only species of 
Amphibian which can live for long periods in completely 
dry conditions. 

Another and very different adaptation to drought is seen 
in the sand-grouse. Those powerful fliers nest in the 
steppe-deserts of Asia, and ^e adults can quench their 
thirst by flying off to ^e nearest oasis, though this may be 
miles distant ; but this the young cannot do. The problem 
of their drinking is splved by the parents soaking 
bxeast-plumage in water, flying straight back, and aUoTM^ 
the nestlings to suck the moist feathers. However, a not 
infrequent adaptation to water-shortage is seen in the 
capacity which many desert animals possess of going with- 
out drink at all. They get all the water they require out 
of dieir food. Various desert mice and Je^hoas, and even 
lOitie larger animals, such as gazelles, possess tb^ valuable 
pfaysMo^cal power. 

We hive aheady^^ipcdcen tha||ApevaiIii^ matdiii^ of 
the desert’s sandy cblour* ^ ^ number of 

adaptations ccmdatied widi wiM* ^ ^ mention two. 
Many grwnd^'nestmg bhds hvM leim^hiciibr jtMpnrts of 
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stones to protect their nests from the prevailing winds* 
Without these defences, the nest eggs would be in 
frequent danger of being buried hy sand whidi the 
wind drives along. An even strang# that of a 

small butterfly in the ^ Syrian desert, as recordeipiy Buxton* 
If it lived in would risk being blown clean 

away by the ga^ fjbat sweep over the bare country ; accord-^ 
ingly it spends the whole of its life fluttering about inside 
one of the rare desert bushes ! 

Another problem is temperatum^In many deserts the 
temperature of soil exposed to tl ^ lH Ii dday sun is enough 
to roast eggs — z good deal higher than anything which ' 
ordinary protoplasm can stand; and even in the shade, 
the thermometoj^wlH often go up to 120° or 130® F, The 
mdlH^bvious adaptation is to go about your biological 
busiti^s by night : and, as a matter of fact, a high percentage 
of desert animals are nocturnal. Of the creatures of ^ 


day, almost all avoid the sun as much as possible. All 
matnmals and birds can regulate their temperature, and in 
deserts they call if need be, keep it below that of their 
surroundings, just as in colder places they can keep it above 
the Qliits^ temperature. But many desert reptiles, notably 
lizam sHl. snakes, have special adaptations tending in the 
same ditedion, by means of which they can at keq> 
iMllielves a few degrees cooler than the oven-like world 
oimde, and so themselves from sudden coagulation' 
and death. The is for the animals to have a 

mouth-cavity richly supplied with surfrce blo0d-vessels, 
and If pant rapidly wi^ open mouth. This, as in a dog 
that im bpp q^w ted up by running, causes evaporadoti and 
consequem <l|Klig* 

Thm ia one final aspect of desert life that should be 
toudied on. The scanty, open v^etation mesns a shortage 
of $aod for animals, wd diey must f^ust dirir pcqpuladcm 
<6 fte supply. &>m%mes they lay lip stores egidiist tine 
dme of drot^t ^ scarcity. This habit is what a lt< »cii^ 
Spbnibfi*s intenlk in ants. The ant he h^ fllsps , 
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to the sluggard was an ant of dry climates, a graki-storeir 
Our more northern ants do not have the sto];aia^|j^it. 
Some desert; muu^s also store food : for instimli^ the 
kangaroo-gM|||^mPmys of the American semi-deserts. 
This litde^p^ie, jumping creature big mounds, full 

of tunnels and chambers, and in th9||y||||M6es huge stores 
of grasses, flower-heads, and th^ li]iH|H|pne mound no 
less than 12 ^ pound of hay-sfores, m^lyvaluable forage* 
grass, was found. These depredations mal^ Dipodomj% a 
pest ; for though in iU|mal seasons there is^eaough to go 
round, in dry years |^Rodents take a serious proportion, 
and there is not jpRgh left on the range for stock. 
Systematic extenmnation of the litd ej>eas ts has led to a 
marked imp|rag||gnt of the grazin^||||||fe(^^ num^ of 
cattle it canip^^>er acre. 

Hundreds of mounds belonging to mis animal nav9i!)een 
excavated after their inhabitants have been gassed ; ^nd in 


all of them there has been found either a solitary ihale, a 
solitary female, or a mo^|||||ipth hlb fan^y : there are no 
couples to be found kecf^fS^se togethev This, it seems, 
is a furtlwiwconsequence of die sparseness of the veg^tion. 
Each^moond is the centre of a largish 'area fron^nrab its 
owner draws supplies. If two were to live t||^HKead 
of one, the supply^^ea would have to be unfl|R&ti^rf||| 
large, the animals’ journeys tfiL search of food unpiMm 
long. So the desert has imposed^H||pur kangin^Hm 


this curious semi-bachelor life, in 


adults visit each 


other for^ sexual intercourse,' but never know a family 
existence. ^ ^ 

The same impression of the desert’s povag||3|iiSmught 
home by the description of the TibetenJ|P^&^^ ^ 
member of the Everest expedition. THf tufts of herbage 
00 these high and arid uplands are ^ few and ftur between 
that the sh^ can only get enough to survive by running 
between mouthfials. They chase their grass. 
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§6 

The Tropical ForeXL ^ 

The tropical rain-forest has been the sU 

naturalists. Aj||p||d|ffussel Wallace tells us that it was von 
Humboldt’s daiiSaon of it which lit in him the desire for 
tropical exploralon; but that the reality exceeded his 
ex|>ectations. This rain-forest girdles the tropical lands. 
It still covers about half of the Soi^i American continent — 
a forest over 2,500 miles from — miles 
from north to south ; man’s inroads into its green fasmesses' 
are still negligible; the only way to penetrate it is along 
its t|vers and Africa’s forest is ec^u ally celebrated ; 

biMb is consitHHUy smaller in extent, to the height 

and^ryness of^uch of that continent. And the belt of 
rain-forest continues round the world, through Ceylon 
and Malaya and New Guinea. 

Naturally there is the greaip^ variation from place to 
place ; but evedkjrwhere this huge expanse of green chloro** 
phyll-machinery, raised high on supporting trunlts into the 
hot yrt eamy tropical air, has certain features in common. 

in type occur especially where unfavourable 
jpoiiditflP||N:event the majority of species from flourishing. 

\ swam^ for instance, the ordinary forest gives 

pHE to a theaaJ| |L but much more uniform growdi of 
palms; and onlj^pfiigroves and a few other trees that 
use their roots as stilts l^ve managed to grow over the mud 
of taaipical estuaries and lagoons. 

Undei*v ^qitflit ions that are altogether favourable for 
vegetable afl|P|||| struggle for light is never-ceasing. Here 
is no dead season when plants shed their leaves and have 
their roots frozen as they stand. Growth, activity, com- 
petition, continue year in year out* The most strikiiig 
result of diis is the huge' variety of species that make up m 
foresL In contrast with the dozen or so kinds of trem in 
Dur ten^^te ^koods, the Cameroon rajiHfog|| mnnliesni 
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dose on 500. As well as the trees, there are the creepers 
and the parasites. In this same Ouneroon forest, more 
than 300 spedes of woody-stemmed plants occur which are 
incap^le s^dti^ on their own trunks but cling to the 
trees for ^port In the great Amazonian forest, these 
lianas and creepers reach their maxixnuin profusion and 
their greatest beauty of flower. 

Miss Haviland, in her Forest^ Suppe and Tundra^ describes 

the Amazonian forest as seen from one of its rivers : 

( 

On either side the banks are veiled by a wall of green foliage be- 
tween one and two hundred feet high, towering above its own in- 
verted image in the water. Here and there its splendid sameness is 
broken by a patch of coloured blossoms. The branches of the scarlet 
**Tose of the forest*’ are thrust out over the rivp:, and sprays of 
Bignonia and other flowering creepers, yellow, iptple and red^liang 
over the trees. The creepers cover the whole wof of the foimt as 
with a canopy, and fall to its foot at the water-side like a curtain. 1 
In fact, the forests of the whole Amazonian region may be compared 
to a series of tables with many legs, separated by waterways and each 
spread with a cloth which dips to the ground on every side. Th# 
t^le-legs are the upstandmg trunks of the trees ; the cloths are the 
f tangle of vines and lianas which cover them with a close network. 
This mass of creepers is not altogether the suffocating burden or 
host of parasites that it appears to be. In exchange for support, it 
affords shade which is essential to the well-being of the ; and 
it has been shown that when the veil has been tom ande that the. 
sun can beat down on the roots, the giant trees perish. For thw 
reason an artificial clearing i9 usiMy fringed with dead trees. 

Here and there dark caverns yawn in the wall of foliage at the^ 
water-side. These are the mouths of creeks and streams, shut in 
by over-arching branches from which long aerial roots hang down 
Uke stalactites. To enter these caves by boat is like passing from 
die open air into a vast dim hall, supported by immense omtunns. 
The trunks of die trees rise up for seventy or eigh^ fot without a 
braoch, and die undergrowth is thin and strag^ip The ground 
is stxewn with dead leaves, though it may be remanM that the aocu- 
mtiindon of leaf-mould is not v<»y great, owing to the rapidity of 
oactenai action. 

The roof of die forest is ilie prime souixie of «li its bkdogical 
weridi, the scene of its greatest acrivi^. As the same 
audioressiln: 
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LIFE IN FRESH WATER AND ON LAND 

In some respects the roof of the forest may be compared with a 
prairie or savannah. There is the same wide green expanse, strewn 
with flowers and open to siin and rain and wind. Butterflies hover 
and grasshoppers skip over the surface, and its denizens are exposed 
to the unrestricted view of birds of prey — ^vultures, kitto and h^y- 
eagles — ^which soar over the forest, ready to seize any Wro or monkey 
which is not alert enot^h to dive under the foliage. 

But, alas ! we know tantalizingly little about this zone 
of brilliant light and rich life. Two-hundred-foot trees are 
not easy to climb, especially when the attempt brings out 
armies of stinging bees and biting ants from their nests on 
every branch. We want a modem St. Simeon Stylites to' 
set up a pillar in the rain-forest and use it not for meditation 
and prayer, but for the acutest observation and description 
of the unique li^ about him. The Oxford Expedition to 
British Guiana recendy accomplished something in this line, 
but there remains much that is undiscovered. We have 
already compared the forest to the sea — productive layers 
4top, with debris of light and food filtering and drifting 
down. Man on the solid ground of the forest is like a 
mere flatfish on the sea-bottom. The tangle of life is 
layered according to its distance from the roof: in von^ 
Humboldt’s words, “ Forest is piled upon foresL” 

Thosi" who come fresh to the rain-forest are generally 
disappointed at first by the apparent paucity of animal lif& 
This is pardy because it is dwarfed by the fuitasdc luxuriance 
of the plants, pardy because the greatest abundance, activity 
and bfilliance of rain-forest animals are up in or near 
tops. In the upper zones of the Amazonian forest, for in** 
stance, d^oe are squirrels and sloths, tree-porcupines and 
tree-anteaters, hands of monkeys making the forest resound 
with their howling, tree-raccoons, diinbii^ cats ; diere abre 
iimumerable birds — toucans, parrots, parrakeets, cottng|SSt 
batbets, frog-mouths, forest pigeons at^ ni^t|arS| camh 
S 9 WS, Ml-birdS. There are the marvdlotts tree-frogi m 4 
tremioads, many of whidi never descend to eailh buttelM^ 
their efiSs iii pouches on their bachs, or them h|; 
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foamy masses on the high leaves, to go through the tadpole 
stage in this pretence of a pond ; while others put the egg- 
masses on leaves above pools, whence the tadpole^ emerging 
slip into the water below. And there are the incredible 
hordes of insects — tree-nesting ants, and bees, and wasps, 
and termites; huge butterflies that never come down to 
ground-level, beetles and crickets and cicadas and plant- 
bugs that the human collector never sees unless a tree is 
felled. 

What are the chief adaptations in this dense envelope of 
life ? Luxuriance of growth is the first : no tree will ever 
succeed whose seedlings cannot shoulder their way up to 
the never-broken green canopy above. The next most 
striking fact is the abundance of plants that support them- 
selves on others’ shoulders in the race for light. Every 
observer of the tropical forest has commented on the extra- 
ordinary way in which the trees are beset with woody 
cables, thick and thin, like ropes and cordage carelessly and 
meaninglessly spread among a forest of masts. These are" 
the lianas. Often their stems coil round each other like 
the strands of a cable, or are provided with a flattened spiral 
wing. They corkscrew it over the ground, swing in low 
curves, hang plumb from the upper branches of the tree 
to which they cling. Here they make festoons of green, 
there hang in thick curtains or spread as sloping carpets. 

Almost all of them have relatively huge conducting pipes 
to speed water and its dissolved salts up the long thin stem 
to ^e leaves. But their actual methods of climbing are 
very various. Some insinuate their growing tip through 
the interstices of bushes and branches, lat^pr weaving them- 
selves firmly into place by sending out side-branches. The 
most wonderful of these are the Rotang palms, which have 
an additional support in the shape of wic^ thorns on out- 
growths from the tips of tfie leaves. Up in the light on 
the roof of the. forest world, these thorny anchors wave 
round in empty air; but die old leaves and'then die 
smooth stem slips until the young growth engages widi 
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the tops of the trees. In this way the old stem is con* 
tinuously being paid out downwards on to the ground, and 
the total lengdi of stem produced by one plant may reaah 
the prodigious figure of 300 yards. 

Then there are the lattice-formers, that make a living 
trellis firom branch to branch of their support; and the 
twiners, which climb by thrusting their stem spirally round 
the support. There are the tendril-bearers, which hook 
on by prehensile tendrils; and the root-climbers, whose 
stems produce clasping or adhesive roots wherever they 
come in contact with the support. A number of tropical 
species of fig have this form of climbing-iron well developed. ' 
In addition, many of them, once they have established 
themselves, let down fong aerial roots which penetrate the 
soil and begin absorption. As a result, the supporting tree 
is often killed ; but the climber, now strong enough to 
stand on its own legs, remains erect and independent. 

Aerial roots are another striking fact of the tropical 
forest: and mjmy of them are permanently aerial, never 
striking earth, But hanging like so many bell-ropes in the 
green gloom. They are the hall-mark of another set of 
plants that exploit the strength of trees — ^the so-called 
epiphytes. These are plants which do not even take the 
trouble to dimb, but settle aloft as spore or seed, and begin 
their growth far above the soil. The aerial roots tap the 
water in the air, catching the rain before it reaches the 
ground, drinking in dew, or even sucking moisture from 
fog or direct from damp air. In this they are aided by an 
outer layer that greedily imbibes water. Their main diffi- 
culty is tt;ieir supply of mineral salts. Some are dependent 
on the precarious supplies washed down in die debris of the 
stems on which they sit ; but others have evolved remarkable 
adaptations for collecting little private gardens of soil up 
alo& Some do this by producing a network of roots 
whioh grow upwards, nest-Uke, from die base of the ^em 
and catch tht dead leaves and twigs and odier nibbisllf 
friUing from die tops;.' some collect their humils in a pesi 
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of leaves into which the roots grow inwards and upwards ; 
Dischidi% a Javan epiphyte, produces a set of pitcher- 
shaped leaves in which water and debris collect ; into each 
of diese leaves a special litde root-system grows and absorbs 
what it needs from the soup therein contained. In certain 
species of Tillandsia (a genus related to the pineapple, other 
species of which are familiar In the southern United States 
as “ Spanish Moss ”) roots have been dispensed with alto- 
gether; their leaves are arranged to m^e water-tight 
tanks, holding up to half a gallon, and are beset with tiny 
absorptive hairs that take the place of roots. Some species 
of Tillandsia can even grow on telephone wires, thus 
demonstrating that they are not parasitic on their support. 

Some of the most beautiful orchids are epiphytes ; and 
so are various figs. A number of these latter are only 
epiphytes for half their lives, for their aerial roots eventually 
grow down to the soil ; and sometitnes, as in the liana-figs 
we have described, these grow columnar and trunk-like and 
the plant, after Idlling its host, becomes an independent 
tree. This is the history even of the huge banyan-fig. 

Besides flowering plants there are abundant epiphytic 
ferns and club-mosses ; and many mosses and fungi, lichens 
and algae, have found for themselves a station not too far 
from ^e light by adaptations to growing on leaves. 

But we must not delay too long over the plants of the 
rain-forest, though it would be easy to fill a book with 
their beauties and peculiarities. We must pass to the 
animals. Among the animals the prevalence of the climbing 
habit is the first and most obvious feature. The forest is 
inhospitable to man, man an enemy of the forest. He 
Ibfgets how much of the earth is sdli covered with trees, 
much more was once imda: forest not merely before 
he came to iSdl and clear^ bu| in the great stretches of 
geoloj^cai time when the moister, more equable dimate 
spread die forest zones over much more of the woikl’s 
surfrce. Aiidsoheissuipdaedjitdieabundaiiosofaid^^ 
animals, the importanoe of the dimhing habit ht the evolotiofi 
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of life. Not only has he himself descended from a tree- 
living ancestry, but the foot-structure of kangaroos and 
relat^ marsupials makes it certain that they too were oxm 
arboreal, and many authorities believe that the ancestors of 
one great branch of Dinosaurs passed their apprenticeship 
in the trees. 

Be that as it may, arboreal*life is common enough to-day. 
In the Guiana forest, for instance, more than half the known 
species of mammals are climbers. It is an interesting £ict 
that in the Amazonian forest, the greatest stretch of tropical 
forest in the world, more mammals than anywhere else 
have evolved that fine flower of tree-life, a prehensile tail. 
Only here do monkeys boast this fifth limb ; and the tree 
porcupines, tree ant-eaters, coatimundis and kinkajous also 
possess it. 

Life is so intense and competitive in the rain-forest that 
adaptations to escape enemies by utilizing colour and pattern 
are more numerous than in other habitats. The abundance 
of protectively coloured insects is astounding ; the number of 
creatures, notably caterpillars and plant-bugs, which have 
evolved some form of terrifying device to bluff their enemies, 
is far greater than elsewhere; so is the development of 
nauseous taste, combined with bright colours to advertise 
the unpalatability ; and the intertropical zone is the chief 
home of that mimicry of nauseous by other species or by 
one another which we shall discuss in a later section 

(p. 173)- . ’ ^ . 

Devices for enabling carnivorous creatures to deceive 
their prey are also much commoner. In the East LuUes, 
to choose but one example, there lives a spider which is 
coloured black-and-white ; afro: spinning a thick wlutUi 
web over part of a lea^ it lies on its bade in the centre. & 
diis attitude it looks precisely like a bird’s dropping^ end 
the web simulates the liquid dramii^ aw^ from it. Mimy 
butterflies have a curious partiality for sipping such ocntip^ 
mendlious fluids ; and H. O. Forbes actually saw one dMe 
down w take a drink, only to be cultured by die 
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Regions of Rocky Snow and Ice 

At the other extreme from the fantastic luxuriance of the 
tropical forest come the polar regions and their isolated 
counterparts, the bits of mdiintain-chains that protrude 
above &e snow line. At both extremes, the severity of 
the struggle for existence is at a maximum^ but while in 
the rain-forest it is the struggle between one creature and 
another which counts, in polar and mountainous regions it 
is the struggle with the elements. In the one case there is 
over-abundance of food ; in the other, the extremity of 
scantiness. 

The scarcity of food which besets land-animals in the 
polar regions may be illustrated by an incident which be- 
fell the Oxford Expedition to Spitsbergen in 1921. The 
sledging-party had surmounted the huge ice-fall, nearly 
3,000 feet high, of the Nordenskiold Glacier, prior to setting 
forth across the inland snow plateau. They had collected 
a number of rock specimens and fossils, and cached them, 
all nicely labelled, to await their return. When they came 
back, the specimens were safe; but all the labels had been 
eaten off by desperately hungry arctic foxesr 

That was in summer. In the long night of the polar 
winter the foxes must be still harder put to it, for all their 
possible pirey has left the country, save only ptarmigan, 
which live in tunnels excavated in the snow, many feet 
below the surfiice, and subsist on the frozen shoots of the 
plants they find there. Some of the foxes are thenTorced 
out by hunger on to the se$i-ice, where they play jackal to 
the f^hr when he kills a seal ; others remain and try 
to catch the buried ptarmigan. , The few men who stay in 
Sjutsbeigen dirough the winter help beguile their time in 
the first twilight of spring by trapping. They set traps 
baited with ptarmigan-hea^ If they see fox^tradb goh^ 
dead straight across the snow, ihev know the £px has scented 
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the trap. One trapper traced such a straight fox-track 
five miles to a baited trap. What a natural sharpness of 
nose, sharpened still further by what an extremity of hungei^ 
it must need to smell a bit of dried and frozen bird at five 
miles ! 

The two polar regions stand in sharp contrast ; the high 
arctic is mainly sea, the antarcdc is centred on a huge and 
mountainous continent. Accordingly, the antarctic is far 
more rigorous and barren than the arctic. There are no 
permanently terrestrial animals whatever on the antarctic 
continent save a few wingless insects that scavenge round 
the shores. Its only vertebrate frequenters are the pen- 
guins — sea-feeders all — the skua-gulls which batten on 
them, and the petrels. And there are no flowering plants — 
only a few patches of mosses and lichens. 

Perhaps the most striking of all antarctic creatures is a 
temporary visitant — the emperor penguin. All penguins 
must breed where there are no predaceous land-mammals, 
or they would be exterminated ; besides offshore islets and 
oceanic islands, the shores of ^e great antarctic continent 
are available for them, for no four-footed beasts exist there. 
The emperor penguin is one of these antarctic breeders. It 
is also the largest species of the group ; and the young take 
so long to grow to full size that if Aey are to be re^y to 
accompany their parents to the open sea and its rich food 
supplies in the late summer, they must begin their life in 
winter. Accordingly, these great birds nest in the total 
darkness of the antarctic winter, on snow-covered land, widi 
temperatures often falling to 6o° or 70° F. below zero# 
One of the achievements of the Discovery expedition was tax 
arduous sledge-joumey undertaken to study their breeding 
habits. Ihe eggs and new-hatched young are protected 
from the cold by being held between the feet wd the belly ; 
and so violent is the birds’ incubating u^ they ^ 
^it each other for the privilege of brooding yom^ — often 
injuring aqd killing the chicks in the prooess^--Hsiid wifi tven 
Satisfy their desires by incubatkig lumps of ioe inst^ of eggl» 
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Thus the penguins, though slow and awkward on land, 
nest unmolested on the mammal-free continent of the south. 
^Tithin the arctic r^ons, on the other hand, there are to 
be found musk-oxen and reindeer, the wolf, the lemming, 
tile arctic hare, and some valuable fur-bearing creatures, 
like arctic fox and ermine. Birds are very abundant round 
the* coasts, but only during the breeding season ; very few 
species (like ptarmigan and snowy owl) live there all the 
year roimd. Spiders and mites, mosquito^, midges and 
sawflies are to be found, often in comparative plenty, and 
even a few beetles, moths and butterflies. But the abundance 
of insect-life, so striking in the tropics, is absent. Insects, 
like reptiles and amphibians, get progressively less important 
as the climate grows colder, since their activities fall with 
the fell of temperature. If there were warm-blooded insects, 
they might well be as abundant in the arctic as birds ; but 
insect cannot be warm-blooded : tile limit of size imposed 
upon them means that they have, compared with their bulk, 
too great an area of surfece out of which heat can leak away. 
One of the few attempts at wairm-bloodedness is made by 
humble-bees, whose comparatively large bulk and thick, 
hairy coat hinder the heat gaierat^ in their muscles from 
escaping. While they are moving, their temperature is 
stvml degrees above their surroundings : and this property 
enables them to penetrate much farther north ^an the 
smaller and less hairy hive-bees. The lower southward- 
fedng slopes of the Spitsbergen mountains, only 700 miles 
from the pole, have a rich carpet of bright flowers during 
the short summer season; and even in the northernmost 
regions of Greenland thoe are great stretches of flattish 
tv^ra bare of snow in the summer, with a vegetation capable 
of supporting a population of shaggy musk-oxen. 

Him are some interesting adaptations to be found both 
in arctic phshs and in arcticf Many of the plants, 

in res^se to the fewness or absence of bees, ham changed 
over Irom reproduction dependent upon inaectHfettilkation 
to some other method. Some have become aeif-fertilfadng; 
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Others, though they sdll produce flowers, never set seed, 
but rely on some form of sexless reproduction. In response 
to the shormess of the summer many prepare all they can 
beforehand, and burst into flower and leaf the moment the 
sun thaws the snow off them. The same thing happens 
in Alpine regions. Here, however, Soldanella, die ice- 
flower, goes one better. Its flower begins to grow widle 
the snow-blanket still lies over it; and the heat gener- 
ated by the chemical activity of its growth actually helps 
to melt a tiny chamber over the bud and bring the plant 
to the air a few days before it could otherwise have 
escaped. 

A very interesting effect of the arctic food-shortage is 
seen in some of the birds. The skuas, for instance, and 
probably the snowy owls, do not bre^ every year. In 
years of scarcity they make no attempt at nesting; their 
systems probably respond automatically to low temperdltiire 
and lack of food, their duedess glands are not set in the 
direction needed if the ovaries are to pile up yolk in their 
eggs, and the reproductive impulse is never felt. ^ Similarly, 
butterflies (like the Copper) which in warmer climates may 
have several broods in a year, in the high north take two 
or even three years to grow from egg to adult, the cater- 
pillar hibernating between his summer feeding-periods. 

But in the polar regions, arctic and antarctic alike, the 
great contrast is between land and sea. For if the Iwd is 
poor in life, the sea is rich. For one thing, polar life, so* 
long as it remain in the water, is not exposed to the extremes 
which it must suffer if it emerge into air. The m may 
freeze over ; but there is always water below, and diis must 
be aboye freezing-point. But there is more than this ^ the 
life of opeli waters is actually more abundant near the poles 
than in the trdpics, largely owing to diere more 
nifrogen salts available in cold than in hot wateiis* Diatonia ^ 
di^lour the polar seas for m|les« Suppotted by the 4iar 
toms Ijive hordes of crustaceans and odier smaQ creatm^ 
Iei$ a sight to lean over a Mffs side in a 
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fjord, with rock and ice all about one on the land, and see 
a constant procession, perhaps one to every square yard, of 
black specks of life, each provided with a pair of flapping 
sea-wings — millions upon millions of the pelagic snails 
called pteropods. 

As result of this richness of the polar plankton, the 
dominant life of both the polar regions lives either in the 
water or, at least, upon its products. Prominent among 
these are the hordes of birds which take advantage of their 
winged mobility to visit the arctic in summer, take toll of 
the riches of the sea for themselves and their young, and 
leave for the south before ice and darkness cover their 
feeding-grounds. 

-Of the arctic mammals, aquatic forms are pre-eminent. 
The walrus browses on the shell-fish which he rakes out 
of the arctic mud with his pick-like tusks ; the seals swarm 
in both polar zones, and have a* great range of habits, from 
the inoffensive crab-eater seal to the leopard seal, the tiger 
of the antarctic, which loves a penguin if it can get one. 
Their swimming powers are wonderful. Where there is a 
narrow passage into a lagoon, widi a strong current through 
it, there the seals delight to play. They will test their 
powers against the stream, and dart forward in the face of a 
current against which a ship’s boat with four oarsmen can 
scarcely make headway. Like land-carnivores, they are 
alert and intelligent — the real dogs of the sea. In the 
arctic summer, ^e seals love to bask contentedly on the 
slow-drifdng ice-floes. When they are busy fishing they 
have to come up to breathe from time to time ; this they 
generally do at pardcular holes or cracks in the ice ; there 
the Eskimo hunter waits, harpoon in hand, for their emer- 
gence. Sea3s are the staple food not only of the Eskimo, 
Mt of die polar bear, which amphibious, and divides its 
time between water (in wldeh it swims excellendy) and ke. 
The land it has almost entirely forsak^ 

Seab keep warm by means of the thick layer of blubbery 
fiit which blankets ttism under their skin. It is nodoeable, 
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by the way, that wherever fat is employed as a heat-retainer 
as well as a store of food, it is spread uniformly all over the 
body; this characterizes not only seals, porpoises and 
whales, but also such creatures as reindeer, bears and many 
other northern land mammals. But in hot climates, where 
it is needed only as a reserve of food, and the need of the 
warm-blooded animal is to lose heat, not to retain it, the 
fat is stored in local accumulations, leaving most of the 
body-surface unblanketed, as in the hump of the zebu or 
camel, or the tails of the fat-tailed sheep, and the still stranger 
North African desert rats or gerbils whose tails are swollen 
like policemen’s truncheons. 

Seals, too, like sea-birds, come inshore to breed. The 
“ rookeries ” of some species rival those of the penguins 
in population and bustle. 

Whales do most of their feeding in high latitudes. The 
inhospitable shores of antarctic islands, such as South 
Georgia, now hum with activity ; and the whaling industry 
grows rich. The biological basis of this prosperity is the 
whale’s need to keep warm; for this he grows his juicy 
undergarment, sometimes a foot thick, of blubber ; and he 
comes to the antarctic to do it because of the richness of its 
waters in plankton. But there is a real danger that intensive 
fishing may bring whales as near extermination in the 
southern hemisphere as they have already been brought in 
the northern. World-regulation of the whale-fishery is the 
only hope. 

The bottom life of polar waters is rich, too. Captain 
Scott’s antarctic expedition secured wonderful hauls of 
such creatures as sea-urchins, sponges and the queer sesh 
spiders or pycnogonids — ^all leg and no body. 

Recent^ Stefansson, the well-known exploter, has souj^t 
to persuade us that the arctic is not so bad as it is pamtecL 
Tkt Friendly Arctic he calls it in the title to his bopk* He 
points out that the cold is much more iniense in nordh 
eastern Siberia than in die arctic, that the tundra aiqipcnts 
a ikh vegetation Bar beyond the arctic dide, diat w)M 
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with reindeer, musk-oxen and seals, the explorer need never 
want for fresh meat, and that we may hope to solve the 
world’s meat problem by introducii^ reindeer into arctic 
Canada and breeding them there on a scale to fit those vast 
bare spaces. 

There is much truth in this ; but it is not all the truth. 
There are the winters to contend with; months of total 
darkness, even if enlivened by the displays of the Aurora, 
are hard to face. And the arctic which he speaks about is 
only the fringe of the arctic. The high ^tic, save where 
local conditions keep it relatively fertile, is desolate enough. 
The west coast of Spitsbergen is full of flowers and birds 
in summer, because the climate is kept mild by the Gulf 
Stream. But the east coast is exposed to the polar curr^t 
from the north and is barren and forbidding in the extreme. 
Then again, though it is true that seals abound all round 
the shpres of the polar sea and for many miles northward, 
they do not seem to penetrate within several hundred miles 
of Ae pole. Our world is capped with a flat expanse of ice, 
barren of all life of mammal or bird, save rare storm-blown 
stragglers or the still rarer human explorers. On the other 
hand, as knowledge of weather conditions grows and air- 
craft improve in reliability, it is on the cards that this desert 
may see a busy traffic overhead ; for it is by far the shortest 
route from Europe to Japan, or New York to China. 

Over the life of the high mountains, interesting though 
it is, we cannot stay long. Broadly speaking, it is like t^t 
of a mountainous polar land, but without any compensating 
riches like those provided by the polar sea. Just as all land- 
life ceases long ^fbre the poles are reached, so die tops of 
she hipest mountains are absolutely barren of life, plant 
or animal alike. 

^ The summit of Mount Evt^est reaches 29,000 feet On 
the Himalayas'a few ptants grow up to 19,000 feet Most 
animals stop vdiete the plants stop ; but the dtmhers on 
Mount Everest saw the tiwdcs of mountain^eep at 10,000^ 
feet, of hares and foxes at ai,oah feet, and wolfettacka Jot 
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21,500 feet ; a vulture was seen flying at 25,000 feet, and a 
few choughs visited the camp at 23,500 feet and followed 
the climbers out of curiosity to 27,00a 

At lower levels mountain-life, if not rich, is full of beauty 
and interest. The low-gro’^ing plants, tufted and cushiony^ 
often have flowers of a brilliance denied to those of lower 
altitudes ; and there are grazing animals like the ibex and 
other mountain-sheep, the mouniain-goats and the chamois^ 
all with an astounding agility and sure-footedness; and 
beautiful beasts of prey like the snow-leopard. The biggest 
of all Hying land-birds are mountain-dwellers — ^vultures like 
lammergeier and condor ; and there are smaller birds like 
cliff-swallows and mountain-choughs, and the rock-creepers^ 
that search the faces of cliffs for insects, at each upward 
jerk displaying a crimson flash of wing-feathers. 

Perhaps the most impressive thing about the mountains 
is that life, the insurgent, with all the pressure of millions 
of years of over-reproduction behind it, has not been able 
to scale their tops. The highest spot on the earth’s surflice 
is only five and a half miles above sea-level ; but life has 
faded out far below. 


S8 

Island^dwdkrs 

Island life is interesting in several ways. The inhabitants 
of islands afford a proof of Evolution by resembling those of 
the nearest mainland; yet the isobtion whicji islands provide 
has brought new types into existence. But what conoema 
us hens ^ the pet^iar stamp which istand-life sets upon 
many of hjs creatures. 

The most oft)vious characteristic of island-life is the Hig^ 
perqmtage of fli^dess forms to be found amoqg dif gMt 
groups of birds and insects* There is a 
on the Galapsqgos. New Zealand ad& 
aemfl birds, as die ktwi, die 
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and two or three rails; but once it also harboured the 
hug^ moa, a giant flightless goose, a giant flighdess duck, 
and a flighdess hawk, all now extinguished, probably by 
xnan. The most celebrated flightless bird of ^em all, the 
dodo, was an inhabitant of the oceanic island of Mauritius. 
Its anatomy shows it to have been a ridiculous ahd over- 
grown pigeon which had grown small in wing but large in 
body. The solitaire of theneighbouring island of Rodriguez 
was another overgrown flightless pigeon. This creature 
was not so plump, but had evolved a mtie way in the 
ostrich direction. On the same island lived a nearly flight- 
less heron, also now killed off. 

Then there are a laige number of flightless birds which 
live on one or other of the South Sea Islands. Many of 
them are rails, which is natural enough, seeing that an 
ordinary rail spends most of its life Miithout using its wings 
at all as it skulks through the marsh herbage. And others 
are moorhens, which also skulk. 

New Zealand, though such a number of its birds have 
lost the power of flight, is not characterized by a very high 
proportion of flightless insects. It is only the smaller 
oceanic islands wh^ these abound. Kerguelen and Crozet 
Islands, down south towards the Antarctic, between South 
Africa and Australia, are excellent examples. Of seventeen 
genera of Crozet insects, fourteen are flightless; of eight 
spedes of Kerguelen flies, only one lives up to its name and 
can fly. Nearer home, in Madeira, nearly half the beetles 
have lost the power of flight, and the same sort of thing 
is found in Hawaii, the Falkbnds, and elsewhere. 

Tbt adaptive meaning of the winglessness is clear. The 
insects of small, isolated spots of land will perish if thi^ 
ate caught on the wing by a wind and blown out to sea. 
Every imitation {avoiumg shorter wings or a lessened, 
meUnatkm towaids vm beoe&t its possessors, um3 
finally the race loses tiie oqpkity and £be instinct of fiyh^* 
For larger md more powesfiil birds, however widi tiieir 
better sense of vjsbn^ nm be so 
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it may contribute. What will count with them is the feet 
that an island lacks predaceous fand-animals, especially the 
active mammals. A f61e is thus vacant, waiting to be filled, 
in the economy of the place, for which the bird may fit 
itself if it grow wingless. For by sacrificing its wings it 
can put more strength into body and legs, as does the kiwi ; 
or can escape from the mechanical limitation^ to size which 
Right imposes and grow enormous, hke the dodo or solitaire ; 
or it can do both, like the moa. 

This lack of predaceous enemies may be revealed in 
other ways. Since island-birds are not under the necessity 
of escaping notice by matching their surroundings, there' 
will be little selecuon against die albino and other colour 
mutations which in ail birds occasionally crop up. And, 
as a matter of fact, white quails are common in the Azores, 
and pied blackbirds much less scarce than on the ms^land, 
while pied and albino ravens are more frequent in Ireland 
and the Faroes than elsewhere; and the same is true of 
many New Zealand birds. The 'frequent tameness of the 
birds of oceanic islands is due to the same lack of enemies* 

So it comes about that Righdess land-birds are typical 
of huger islands, but only if these lack mammals ; while 
the percentage of Rightless insects goes up with the smallness 
and the storminess of their island homes, till it reaches ife 
maximum in Kerguelen, where a calm day, or indeed a 
day without a storm, is a rare exception. 

There is one other characteristic of island-feunas. When 
a small island harbours representatives of some large mamma^ 
these ate almost always small. One of die most strildni^ 
examples is the dwarf dephant which lived in Malta in the 
Pleistpcene; and die islands of die Meditenanean etH) 
possess diminudve races of red-deer* Such creatilfes fecst 
inhalfited what is now the island when it was stifl 
.nedy^ with the mainland. As seas encroached the idMl 
eat and grew smaller; and as h giew siiia|er^lK^^ 
si s t ye . grew le^s eaay'n> find, and the bulky 
suryivici where die Hggex ones starred* For ii daijHdr ^ 
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tea$on, it would seem, the reindeer on Spitsbergen are of a 
S6mi-dwarf race; but here the difficulty of finding sub- 
sistence depends more on die barrenness of their land than 
on its physical smallness. We can imagine the appalling 
Struggle for existence that goes on as such an island shrinlu 
to nothing and disappears below water. For instance, as 
the plain between England and the Netherlands became 
converted into the North Sea, what is now the Dogger 
Bank remained for long centuries as an is||ppd. On this a 
sample of the late Pleistocene fauna seems to have remained 
for a time, but the whole menagerie was eventually drowned. 


§9 


Cave-dwellers 

Undierground, in hidden streams and caverns, there 
lurks a spedali:^ fauna that recalls in certain vfdLjs the 
inhabitants of the abyss.* It is for one thing a parasitic 
world, bare of green plants, since light, the prime generator 
of all life, is absent. Cave-dwelling creatures either resort 
there for shelter and protection, as bats or breeding cor- 
morants or rock-pigeons do, and seek their food outside ; 
or, if they are permanent inhabitants, they live on the scanty 
scraps brought in by the shelterers and casual visitors, 
blown or drifted in by air, or floated through by subterranean 
stream^. Among these permanencies there are a few beetles, 
grasshoppers, centipedes and spiders, but these live mostly 
near the mouths of caves; the aquatic forms axe more 
interesting, especially the crustaceans, fish and amphibians.* 
It is a curious fiict that xto cave-dwellers possess phos- 
nhotescenic' organs. Accordingly none have developed 
large 'eyes adjq^ind ibi dim light» like some of the 

de^Hkea dwdUers, but a U|;eatunibet have become s^- 
often devebping long; or hgi ndth semdtive 
ladrs m make imr tte also*bave]ost 
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searching eyes there is no need for the blacks and invisible 
reds of the deep sea which enable their wearers to blend 
with the darkness. 

Amphibians which have found a refuge from competition 
in underground water have had to suppress their adult 
phase, living all their life as gill-breadiers, and have1)ecome 
colourless and blind. The best known of these is the 
strange Proteus of the great limestone caves of Camiola, 
white (save for its pink gills), and blind, with dny, sightless 
eyes. If when young it is exposed to white light, it develops 
abundance of dark pigment, and the pigmented skin even 
covers the eyes ; but if it be exposed to red light the skin ^ 
over the eyes remains transparent, the eyes develop, and 
thd^'Snimal can be made to see, though its ancestors have 
been sighdess fbr thousands of generations. 

Ano^er such blind and permanendy gilled amphibian is 
Typhlomolge, which inhabits underground water-c6utses 
in Texas and is sometimes hurled surprisingly into the light 
of day from an artesian well. 

In some caves, like the Mammoth Cave of Kentucky, 
large lakes lie underground; and here cave-fishes are to 
be found — they, too, exhibiting various stages in loss of 
colour and degeneration of eyes. And there are blind and 
pallid cave-crayfish and cave-prawns and well-shrimp 
albino cave-snails and milk-white cave-flatworms. In me 
underground channel which leads off water through die* 
mountain-side from Thirlmere to supply the dty of Man* 
diester, numbers of the common green Hydra ^ve estab*, 
lished themselves, feeding on die debris brought down by 
the slow currenL But in the darkness die green algansdls 
whidi ndrmaOy live as partners within the Hydra’s body 
cannot exist, and have died or emigrated, leav^ the rW) 
of sulnerraaiean polyps white and tr anspare nt 

The cave-ffuiha presents some of the pcceotmi 
of Evohidon in particularly <dcar*cut fitthkat Are 
anintob blind, for insianoe, for T^tmarddan reaspiia, b eqy t ^ 
of tm wpamylatioo of die direct 
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darkness, or has the inheritance of acquired characters had 
nodiing to do with the matter? And if the Lamarckian 
view be ruled out, have they become slowly adapted to 
cave-life jby the selection of smaller-eyed varieties ? or was 
there what is sometimes called pre-adaptation, in that animals 
which happened to have poor eyes or to be blind, sought 
the shelter of caves and found there an environment suited 
to their constitution ? 

Lamarckian views can be ruled out as improbable on 
various general grounds; but such examples as that of 
Proteus are additional evidence against them. If it has 
taken thousands of generations for the effects of disuse to 
make the eyes shrink to their present size, how account for 
' the fact that a single lifetime in red light will bring them 
all the way back to normal ? There seems to be no doubt 
that long-continued disuse often leads to inherited degene- 
ration ; but the Darwinian would assume that, since selection 
no longer operates to keep the eyes up to the mark, animals 
with any mutation leading to incomplete eye-development' 
could survive as well as those with normal eyes, and would, 
indeed, be at a slight advantage, since there would be less 
' material and energy of growth, employed in building up ail 
organ that no longer had any value. There exist cave- 
animals whidi would help us to test the rival views. In 
the old mines of Clausthal in the Hartz, abandoned now 
for centuries, varieties of water-shrimps and water-slatei^ 
(Gammarus and Asellus) occur, almost indistinguishable 
Jrom the common forms of the* iUuminated world above^" 
save in their lack of pigment and their halfdegeoerated 
eyes. If these were cros^ with normal types, and it was 
found that the diffeienoe»was inherited in Menddian feshi<^ 
we could be reasonably sure that dm degenerate eyes owi^ 
thek^ adstence to mutatjpo* ^ 

There remains die poijsilnli^ of pre-^ptadon. It seems 
clear that dik alone wibimiaoc^ diebUndnessofism 
forms. Foromdiing,sQiitecsLve-aiiimabam 
even a vesdge of eyes, aten fo dm embiyo, aliboiig^ 
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eyeless varieties have been found in their above-ground 
relatives. For another, all the evidence at our command 
indicates that eye-degeneration is a slow process, tqfcjn g 
place step by step. This is well shown by the progressive 
reduction of eyes seen in various related species of cave- 
fish. Pre-adaptation, however, might play a part in starting 
a species of cave-life. Creatures that shun the light and 
do not rely much upon their eyes are much more likely 
to take to caverns to live in than are light-living spedes widi 
good vision. But once established in their new habitat, 
further evolution will be needed to put the full cave-stamp 
upon them. This process we may call post-adapution. 
On the whole (and this question of adaptation to cave- 
life is obviously only a comer of a more general problem), 
our knowledge indicates that pre-adaptation, thou^ usualty 
slight, may often be decisive in fudng an organism in a 
particular environment, while post-adaptation is the more 
important in working up the detailed correspondences be- 
tween constitution and surroundings diat are so striking to 
the naturalist in the field. 

So far we have dealt only with permanent cave-dwellers ; 
the part-time cave-inhabitants are often of the greatest 
interest. Bats, for instance, may hang in incredible num- 
bers from the roofs of some caves, and their drcq)ping8 may 
accunmlate like those of sea-birds to make valuable d^msifs 
of guano. But we have no space to enter into the biology 
of bats, and will conclude this section with a single remark^ 
able example firom the Antipodes. ^ 

In the Waitomo caves in New Zealand, there are under- 
ground lakes vdiose roo& are studded with tiny points of 
emerald light. These stars are lights made by insect larvae— 
the cater^Uaxs of the fiy Arachnocampeu Each qdns for 
itself ^ number of glutinous threads which it lets down from 
the Wheruever any flying creature^ attracted by die 

%h^ is canight on a dm^ the grub above wnm^ aktef^ 
and mts its catdi. The caves communicate rea^ widi^ 
Ollier world, so pinviding abundant When 
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mtt iney metamorphose^ and tfy out of die caves to 

die wodd outside. Another species is found in Australia ; 
boA Idnds may live in dark ctevioes in shady moist spots 
as wdl as in caves. A strange feature of the larvse is their 
aenaitiveness to sound : even voices above a whisper cause 
iifl the lights to be extinguished. So abundant are these 
creatures in some of the caves that they make a subterranean 
Milky Way whose light is strong enough to see by. 


S 10 

Out-of-the-way Modes of Life 

Perhaps the most severe conditions wliich life has to 
endute, more severe even than the barren darkness of caves, 
are to be found in hot springs, for protoplasm simply coagu- 
lates like white of egg when heated above a certain point. 
The common grass-frog stiffens and dies thus at tempera- 
tures well below that of the human body; and there are 
very few animals or plants of normal habitats, even in the 
tropics, whose tissues can stand a temperature of over 40^ C. 
Yet all but the hottest springs have some life in them. 

Interestingly enough, the tolerance of heat goes down 
as we rise in the organic scale. For many-celled animals 
45° C. (113® F.) is about the limit ; and there are no verte- 
brates that can stand this, but only a few snails, beetles, 
worms, and Crustacea, while some wheel-animalcides may 
tolerate a little more. Some single-celled animals on die 
odier hand can stand up to 55*^ C. : and there are primitive 
that live in water at 80^ C. (175^ F.) — ^nearly hot 
enough to make cofke with 1 

Theie oeatures are interesting from the point of view 
of evolution; for dieir heaia-resisting capadties lie well 
above anyt^dog to be foudd in more normal halntats ; ihe 
acfa^tation to ^ hot-badi Hfe must foered»e be a new and 
sfodA acquidtion, brought About by adehtfott acting mi 
fAtt Mid m!ky variations. 
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The same transgression of life's normal power is seen 
in die inhabitants of salt-lakes and lime-|>ans. Nowhem 
else has life ever encountered a salt-content greater than 
about forty parts per thousand by weight, a ^ute whidh 
obtains to-day in the surface waters of the Red Sea. But 
in the waters of the Dead Sea and the Great Salt Lake the 
sah-content is over 200 parts per thousand, and even this 
concentration is exceeded by certain other salt lakes. 

The Dead Sea contains no life; but in the Great Salt 
Lake there is a typical set of salt-tolerant creatures — a few 
algae, the grubs of the salt-fly Ephydra, a water-boatman^ 
the brine-shnmp Artemia, and vanous protozoa. The brine- ' 
shrimp and the salt-fly are the only two many-celled ani- 
mals that are really successful exploiters of these highly 
salty waters. The brine-shrimps are sometimes so abun- 
dant that they colour the water red, and round some of the 
Californian salt-marshes there is in summer a black rim, 
visible from several miles away, consisting of millions upon 
millions of the little salt-flies that have been produced by 
the grubs in the brine. 

Here again these abnormal powers of resistance must 
be die result of a speaal evolution ; but the rarity of sab^ 
specialized creatures shows how few must be the ntiitations 
out of which such almost unnatural tolerance can be built. 
The salt-fly grubs are by nature altogether tough. They 
can live half an hour in absolute alcohol, which will HII 
most creatures in a second or two, and in four per cent, 
formaldehyde, a standard killing and pickling fluid for 
animals, they live over twenty minutes. 

Perhaps the strangest abode of life is petroleum. There 
is a fly called Psilopa which is adapted to live in heevy oil, 
and is found in the oil-fields of California. And recen^ 
03 from a well .nearly 4,000 feet deep has been found 
harbour a new species o( bacterium. 

Transitory poAs are another queer haUtat The 
All foiry shrinip, Chirooephalus, may be found , 

hrepdidg in the water of cart-^ruts. When die waief mild ^ 
, 127 
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up, it dks ; but leaves its drought-resisting eggs behind to 
be Vkftm away and perhaps to colonize some other cart- 
rut in the future. 

In deserts and semi-deserts, the transitory pools of water 
brought into being by the rains are almost at once filled 
widi the life that has hatched out of waiting eggs and cysts ; 
sometimes amphibians manage to carry on their species in 
such districts by laying in the pools as soon as formed, the 
eggs and tadpoles hurrying desperately thro^h' their aquatic 
life to turn into frogs before the pools disappear. 

Aquatic life too manages to exist in tiny hollows in tree- 
trunl^, and even in the moisture absorbed by cushions of 
moss from showers of rain. In this latter case the drying- 
out of the microscopic swamps may be a matter of hours 
instead of days or weeks, and it will not be enough for the 
animals that live there to possess drought-resistant eggs, 
since their home will often dry up before even a microscopic 
czeanire has had time to get through its life-history : they 
must be able to become drought-resistant even when adult. 
The importance of the time-fiictor in animal affairs could 
not be better illustrated. 

The chief inhabitants of these tiny moss-marshes are 
bear-anifiialcules (which mostly suck die juices out of the 
moss-cells, and cling on with hooked claws to prevent 
themselves being swept away by rain), small round-worms, 
wheel-animalcules and a few tiny Crustacea ; and they can 
all, at any time of their life-history, respond to drought by 
shrivelling up and banking the fire of their life so that it 
merely smoulders ; in this state they can wait for months 
or even years until moisture again swells them to sappiness 
md activity* The seasons do not exist for these creatures ; 
ever^ now and then their existence is brdken into by periods 
of su^MKled' aiuntation, out of which they emerge to take 
up their life at die point wbeie it was interrupt. 

The nests of ants and termites faavedieir own highly spedi* 
atised group of thhabitants ; but of them we have nospace 
to tdl here. Even dung nuty fitovide a definiie habkit: 
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a distinct and specialized fauna and flora lives in and 
under cow-droppings, for instance. And there are a host 
of queer habitats provided directly or indirectly by man. 
Not only is there a rich fauna on sewage-farms, but a study 
of its habits is proving vital to scientiflc sewage disposal ; 
and the inhabitants of waterworks are equally interesting 
and important. Sand-filters are widely employ^ in modem 
water-supplies ; they are of the greatest value, since they 
will prevent the passage even of bacteria. But this is not 
due to the mech^cal filtering power of the sand, but to 
the much fiper filter formed on its surface by microscopic 
plants, mostly diatoms. This guards our water-pipes , 
against two dangers — ^first against bacteria dangerous to 
health, and secondly, against invasion by the eggs and other 
reproductive bodies of animals and plants which might then 
sprout and grow there. 

When the water is not filtered, surprising results follow. 
Hamburg in 1886 was supplied with water from the Elbe, 
unfiltered, and stored in reservoirs for a quite inadequate 
length of time. Fresh-water shrimps began to pop out of 
the taps, and the pipes to get blocked with ^owths of 
Polyzoa, and even occasional eels. In i88d, Professor 
Kraepelin, by means of a wire-gauze cage whi(^ could be 
screwed on to the mains as desired, investigated the fauna 
of the water-pipes. The smallest creatures, such as RotifiM, 
passed through the meshes of the cage; buf even so he 
secured specimens of fifty different genera of aninida* 
Sponges encrusted the pipes, with huge mossy growths of 
Polyzoa and hydroid polyps, which often c am e SEway in 
tangled masses. There were plenty of worms, seg m e nt ed, 
flat, and ^ound, and of bivalve molluscs; dirimps and odier 
Crustacea, both fresh-water and m a rin e^ were not uneottK 
mon, notably ** loadisome swarms ** of the common 
slamr, Asdlus* ‘'Once a small flounder was capMed f dbem 
were a fidr number of stiddebadts ; and eeb (tq[» to n feoir 
in length) infested the pipes in thousands. In $pbt 
revdadon of this huge fiiima under the diy street^ 
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was done for years. The population was easy-going, and 
the manu&cturers of domestic filters, who did a roaring 
trade, succeeded in putting off reform. Then one day came 
the crash; in 1892 the waters of the Elbe became infected 
with cholera germs, and over eight thousand of the people 
of Hamburg died of that dread disease. Sand-filters were 
installed ; die mixed fauna was barred from the biological 
Eldorado it had found in the pipes; and the people of 
Hamburg no longer ran the risk of chol^. 

But we must bring our chapter to a close, although the 
catalogue of strange lives could be continued almost in- 
definitely. Let Mr. Everyman stroll round his garden and 
look (to give him a few suggestions) under stones, among 
dead leaves, on the branches of living trees, in the rain- 
butt, on the mouldering wood of an old fence, to see how 
many different habitats, each with its own peculiar zoo, he 
can find. 



CHAPTER IV 

SOME SPECIAL ASPECTS OF UFE 

$ I. Partnership and Parasitism. 

S 2. The Scale of Living Things. 

§ 3. Colour and Pattern in Life 


§1 

Partners/dp and Parasidstn 

I N the previous chapters we have tried to show how life 
presses and crowds into every nook and comer of 
the earth’s sur&ce that is habitable. We have found 
life exuberait and various in hot springs, deep caves and 
dunghills, on remote oceanic islands, on frowning mountain 
crags ; in all these places the same drama of hopeful germina- 
tion and bitter struggle. But we have ^d little so Bur of 
how life josdes life, how, in virtue of that same life-ptessuie 
which injects organisms into the tiniest cracks on our world,- 
living diings impinge on each other. And yet a huge part 
of die effecdve environment of any given kind of anhnud 
or plant consists of other abimals and plants. The strugg^ 
for ekbtepoe forces diem into mutual relationships, offen 
of die most intimate apd extraordinary kind. In dtis aeo 
tion we shall describe some of the most striking of fhcaa^ 
and diow how, as in ^ more plastic fhangiw of hutnw 
aafartonships, casual association may pass over iiato miiiaia%r 
il^ifiil pameishim or die undercurrent coiiqpetition Wf 
ttamAiitt ^prtneruii^ into pararitism; how no tihaip 
ktOjhk drawn between pa^tism and die stmlg^itfoiWti^ 
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i^don between devouier and devoured; and how diffi- 
cult it may be to distii^uish between service and slavery. 

Of die larger animals and plants, perhaps the majority 
five in intimate association wi^ humbler organisms. Our 
own mouth-cavity and intestines harbour millions of bac- 
teria, spirochaetes and protozoa. Most of these are neither 
harmful nor the reverse to their giant host ; they simply 
take advants^e of the peaceful warmth and food provided 
by his tubular interior. But in herbivoralns mammals the 
bacterial flora is part of the machine. Without bacteria, 
t{ie mechanism of a horse would not work ; for it is they 
which act as chemical tin-openers to all those microscopic 
boxes, the plant-cells, in which the digestible part of his 
food is locked up. To such mutual arrangements by which 
both parmers gain there is generally given the name of 
symbiosis — ^a joint life. And then there are bacteria, no 
different in general appearance from any other sort, which 
penetrate into blood or tissues and there grow and multiply 
at their host’s expense ; diey are parasites. 

The abundance of parasites is extraordinary. Most 
species of animals harbour several different kinds of para- 
sites, and though most of these are common to several 
hosts, the total number of parasite species must be almost 
as great as the total number of free-living creatures. There 
are plenty of examples — ^the tape-worm, with its never- 
ceasing production of jointed living ribbon, each s^ment. 


when mature, being impregnated by one of its neighbours, 
aad laier dropping off to disseminate the embryos with which 
it'is packed for the invasicm of a second host; the liveiv 
with its Cyde, now in sheep and now in snail, sdwa^ 
its form, but always a destmyer ; Sacculina, ratii^ 
tile whole onpnisin of some unfonunaie* 
ik« a faetnia befon killing its- 
hoi^' * btiglhl ^enn and 'Oggt t die guines'- 

woi^ a timiiil 1:9 to ek feu lq«& making abscesaek- 
tn mam flkiAi through adiidi to httdly' 

he got rid df save hy tdifdiag it au iudt a 
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day, on a slip of wood which between whiles is listened 
to the limb ; the dreaded Tnchina of measly pork ; the 
roundworms of our own and our dog’s intestines. 

We will describe a few others in more detail. The hook* 
worm is another roundworm. Its eggs leave human bodies 
in the faeces ; its young stages live free in moist earth, and 
gain entry to human body again by scratches in the skin. 
Bare feet and bad sanitation keep it going. Once inside, 
It is carried by the blood to the lungs, there forces its way 
into the air-spaces, and then, exploiting for its own use die 
normal human protective mechanism by which alien par- 
ticles are expelled, is carried up to the mouth by the beat 
of the ciliated cells. Then it is swallowed ; arrived at the 
intestine, it bites on to the wall with its powerful jaws, and 
remains there sucking blood until full-grown. A heavily 
infected man may contain many hundr^s of hook-worms, 
each about half an inch long, all draining his life-blood. 
No wonder that the human population of hook-worm areas 
are anaemic, hstless and unprogressive. 

Insects, if paurasidc, are usually parasitic during dieir 
larval stages only. One of the most £uniliar examples is 
the ox warble-fly, which ruins thousands of hides every 
year; the eggs are laid under the skin, and the maggots 
cause the warbles ” — ^large swollen lumps — through holes 
in which the flies eventually emerge. The horse botfly 
on the other hand, penetrates fardiCT. The eggs are 
on the limbs ; they hatch within a day or so, and the tiny 
larvae cause such itching that the horse licks die part a n d, 
without knowing it, swallows the maggots. Thus obl%- 
ingly brought inside, they fix tight on to the stomach lining 
and groW there for the best part of a year. 

Other flies lay their eggs in the noses of men and besM,^ 
and the growth of the nuggots may cmse mudi soSsfinfl! 

even deatk And diere are a number of UpmBm 
wWdi have dqiarted firom their normal habit of 
in decaying fl«h ^dqiosit tbdr cgga bl open MM M 
Uvii^ anitm^ The maggots Bvt on die demyiqg 
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and didr presence ensures a continuance of \he food-supply 
by aggravttii^ and enlarging the wound. There are many 
n^ons of sheep in Queensl^d ; and of each million nearly 
5O9OQ0 <lie a fly-blown death every year. 

A rather different form of parasitism is found in many 
hymenoptera. Some of these are so small that their grubs 
are parasitic only on other insects* e^s ; but most of them 
parasitize other grubs. The female ichneumon-fly, by 
means of her long sharp ovipositor, lays eggs deep in 
a caterpillar’s body. The young hatch out and devour the 
animal from within, as if a brood of rats were to eat their 
way through a living sheep. At first they spare the vital 
organs, confining themselves to fat-stores, connective tissue 
and tte like; so that their host can still continue to feed 
and supply them with nourishment. No killing of the 
goose ^t lays the golden eggs ! But* the last golden egg 
produced for them by the caterpillar is that it should trans- 
form itself, when full-grown, into a pupa with a tough pro- 
tective shell. Once safe within that, the ichneumon larvse 
eat all that remains, themselves attain to full growth and 
bore their way out to pupate. 

One does not at first know which to be more impressed 
by — the admirable delicacy of the adaptation or the refine- 
ment of cruel exploitation. Such facts are, indeed, a real 
difficulty for those who believe in the creation of the world 
as it stands by a beneficent deity. But they offer no such 
moral problem to the evolutionist. Natural selection is a 
blind agency and knows no human values. It i^ as un^ 
justifiable to ascribe moral qualities, such as cruelty or 
benefieenoe, to animals or the processes of their as it 
& to ascttb^uipose to the wind or consdousness to a 
njothHain* The processes of Nature know no values ; ail 
valdtei ai^Ata me mind of 

paiasbes dm be equally deadly. Those 
dn^ejfcdled HageBatea, the Trypanosomes of she^ngi 
l^dbies^ are em bwti&i ^with dieir 

a tsaiispatefit ^ ilieir lyay 
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through a crowd of blood-corpuscles. But they multiply 
in the blood and then invade the cerebrospinal fluid ; dbe 
patient grows drowsy and wastes away, a ghastly bag of 
skin and bone, to an almost inevitable death. This micros 
scopic flagellate killed over 200,000 men in East Africa in 
seven years ; and a near relative, which causes the nagana 
disease of domesdc animals, m^es it impossible to use 
horses, donkejrs, cattle or mules over several million square 
miles of the same continent. 


Animals are not parasitized solely by other animals. 
The bacteria are the most important of any parasites. They 
are all commonplace in appearance; their virulence is 
chemical. The bacillus of plague is a microscopic rodlet 
like any free-living bacillus; but it kills men like flies. 
The bacteria are as giants compared with the fllter-passing 
viruses. But size is no critmon of deadliness ; suck viru* 
lent diseases as yellow fever and smallpox and foot* 
and-mouth are the result of parasites so small as to be 


ultra-microscopic. 

Plants too may be parasitic. The spores of the fungus 
Cordiceps invade the tissues of caterpillars; then they 
germinate into a mass of filaments, which eventually per- 
meate the host. Finally, the caterpillar creeps down to the 
ground and dies, while the fungus sends out its fructificah 
tion in the form of a long hom-like structure from the 
host’s head. The caterpillar may be almost wholly vege- 
talized in death, and remain converted into a woody mummy 
for several months. Ringworm is due to another fiiQgiis 
which flourishes on living human skin. 

Then there are animals which exploit plants. The most 
striking Cases are those of the gall-producing insects and 
mites, the most abundant being midges and tiny faymenop** 
terans* Their strange power it is to make their plantJiaM: 
produce both food and shelter for their youngs They hf 
weir eggs on leaves or flowers, stems or roots; and 
pbiit-tissues grow up round the developii^ grub to 'UMi^ 
a>>gaijk-n ati;ucttite often rpiite unlike anyiluHig isOncnw^ 
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produced by the plant. The round fleshy oak-apples on 
oak leaves and the brilliant red featheiy robin’s pincushions 
on roses are £uniliar examples. Sometimes the gall’s struc- 
ture is eminently adaptive — for the needs of the parasite ; 
on sweet-gum trees you may And galls consisting of a cen- 
tral chamber lodging the ffuby connected by a sy^xem of 
radiating struts with a protective shell outside. 

It is not known how the insect forces these wonderful 
transformations on flie plant-tissues^ whethfr ^ substances 
injected with the ^g or by some stimulus emanating from 
the grub. If we could but discover their secret, we should 
be anoflier big step forward towards the control of growth- 


processes. 

And plants may parasitize plants. One of the most 
interesting as well as economically important of plant para- 
sites is the fungus known as rust of wheat. We will speak 
of some of the rusts in a later diapter. A strange case is 
diat of the flowering plant Bafflesia, a native of Malaya. 
This lives the whole of its growth-period within another 
plant. It has lost every vegetative organ which its ances- 
tors possessed. Its host provides roots and root-hairs for 
anchorage and for sucking water and salts from the soil, 
leaves and chlorophyll for tapping carbon from the air, 
bark for protection, wood for support, and all the micro- 
scopic pipes for transportation ; and so RafResia has need 
of none of these things and has come to consist merely of 
a tangled web of white filaments, very like those of most 
fiingii penetrating the host in every direction. All it has 
to do is to provide an absorptive siuface ; its host does the 
lest* However, the host-plant cannot vety well provide 


for its parasite’s reproductian ; and so when the tune oomes, 
th^ deganetate mass of mkroscofnc fibres galbets itself. 
iCigddMii hm tmd tbeit^ bmeks out to die 4exterior, and 
dieie grows out into blobms as daborate and finished as 
those ol any sdf^qiportis^ ptoit. Intfeed^ in one tesped 
idiey outsdbattiMhetst for Agfoss 
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times exceeding a yard in diameter and weighing up to 
twenty-five pounds apiece. 

This is a dose parallel with the animal parasite Sacculina^ 
which at an early stage of its career is altogether inside its 
host, and consists wholly of a network of absorbing root* 
lets ; and only later, for the purpose of reproduction, bursts 
throu^ to the exterior and organizes a body with a definite 
anatomy. 

It is worth emphasizing that parasitism and independence 
grade imperceptibly into each other. In the matter of food 
all animals are exploiters, either of other animals or of 
plants. Usually, however, the exploitation involves an , 
elaboration of structure rather than a degeneration: one 
need but think of carnivore lion or herbivore horse or the 
beautiful sifting machinery of mussel or oyster. Some 
small caterpillars eat their way through the interior of fruits 
or stems or leaves. We do not generally consider them 
parasites for that : they are internal herbivores. But inters 
nal carnivores also exist, and in all degrees. Lampreys 
bore holes into the living bodies of their victims, and tb^ 
relatives the hagfish may eat their way right inside. Miss 
Worthington writes that on the Padfic coast of America 
many of the fish caught on night-lines are found to have 
been entirely eaten away, notWng but the skin and bones 
being left. The hag-fish has bored inside the skin and eaten 
all the soft parts, and is sometimes caught in the very act‘ 
of wrigg ling away at the close of its meal.” Up to three 
or four may be found eating out a single fish. Such anl* 
mals penetrate their victims only temporarily, but from 
thi^ condition to the continuous internal camivorousness 
of id^eumoh^grubs is not a large stq>. 

Amosic green plants, the same sort of series may 
traced* tven wimki a single tribe of die fiuinify Scrojpbs* 
layfenc eag all gradations from independence to obl^ssi)Q^iM|4 
o^plete parasttism occur. Many o( diem am mWM 
respectable gwcn plants, indepcndcnify matmfrwtagM 
ncKiiliihment out of aov ^mter and sofl^salas* ^Tiie 
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rattles (Rhinanthus) have their feet on the first rung of the 
descending ladder : they can grow and reproduce in inde- 
pendence, but they often tap the roots of other plants with 
their own; and the pretty little eye-bright, Euphrasia, 
which no one would t^e for a subterranean vampire, be- 
haves in the same way. The cow-wheats (Melamp5Tum), 
on the other hand, though they can germinate in isolation, 
die later unless they can parasitize their neighbours. Special 
side-roots are developed which, if they t^ch the root of 
another plant, grow round it, penetrate itTiere and there, 
and establish direct connection between their own water- 
conducting tissue and that of their host. By this means a 
single plant of cow-wheat may simultaneously tap the roots 
of several hosts belonging to different species. 

Even here, however, the parasitism, though obligatory, 
is only partial, since the plants still possess green leaves 
and manufacture their own carbohydrates. The mistletoe 
is in a similar category. The mountain plant Tozzia is a 
rung lower. It germinates below-ground and for several 
years lives as a mere subterranean stem, entirely parasitic 
on other plants. Then it sends up a flowering shoot with 
pale-green leaves, poor in chlorophyll but still capable of 
making some contribution to its nourishment, and lives the 
brief rest of its life as a partial parasite. Finally, in the 
toodiworts parasitism has become complete. They never 
produce any chlorophyll at all; they draw nourishment 
from other plants all their life long, penetrating right to the 
woody pipes of their hosts with special sucker-organs; 
and their seeds seem incapable even of germinating ^e^s 
they happen to lie against the right kind of root. The 
broomra|^ have independently evolved into equally com- 
{date par^tes. 

• Tkist are all one-sided arrangements. Now take the 
opposite category, true partnership or symbiosis, in which 
partners ben^t mutually from dieir association. Iq 
the most extreme cases neith^ can exist widiouf fhe otfaen 
Berhaps the most remarkable of these is ihe partnership 
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between fungus and alga which has given the world the 
whole new group of compound organisms, the lichens, and 
enabled plants to push farther into the barren places of the 
earth than they could ever have done otherwise. The most 
important of such partnerships to us is that between legu- 
minous plants and certain Idnds of bacteria. Already in 
Roman times legumes like lupin and vetch were grown to 
enrich exhausted soils. We know now why the soil is 
thus enriched. If you puli up a plant of this sort, you find 
irregular swellings on its roots; and these swellings are 
inhabited by countless millions of bacteria. These bac- 
teria have the power, denied to higher plants, of seizing' 
and using free nitrogen from the air. They can do this 
to a limited extent when living on their own in die soil. 
But their nitrogen-fixing capacity is enormously mulwlied 
when they are living with their big leguminous allies. These 
supply an abundance of carbohydrate materials; the bac- 
teria obtain energy by breaking these down to simpler 
substances, and use this energy to conquer the chemical 
inertness of the atmospheric nitrogen. The green plant is 
good at fixing carbon, the bacterium* at fixing nitrogen ; in 
the partnership the two advantages are pooled. 

Knowledge of these facts is of considerable practical 
importance. To get lupins or lucerne to grow well on 
new soil, poor in nitrogen bacteria, either they or die soil 
must be inoculated with the bacteria. Large areas of barren 
sandy lands ki East Prussia have thus been reclaiined tfarou^ 
lupins ; and a new method of inoculating lucerne with its 
microscopic partner is now proving of great value in extend;** 
ing the area of that useful forage crop through various 
regions of Britain where it was hitherto not grown. 

Another important symbiosis is that between termitea^ 
the so-called white ants'* of warm countries, and the 
bizarre microscopic flagellates which crowd tb dr intestines* 
The flagellates can do what the termites, like oursdvesi am 
helpless fo achieve — they can Ineak down oeUuIoie (indl 
even^ '#ood into digestible substances. By d# 
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ternutes to high temperature and by other methods, such 
as treatment with oxygen under pressure, the protozoa can 
be killed without damaging their parmers. But termites 
thus deprived of their internal flocks and herds are power- 
less to digest their ordinary diet: abundant wood is now 
as useless to them as a bare table would be to us, and, al- 
though they go on eating, the chewed wood is passed out 
unch^ed and they i^rish of st^^don. ^ 

The termite with its powerful jaws piuvides the raw 
food-material for the joint household parmership, and also 
the protected kitchen for its due preparation. The flagel- 
lates alone can achieve the culinary transformations there, 
and digest for both. As a result, the termite-flagellate part- 
nership is the great scavenger of the tropics, before whose 
attacks leaves^ twigs and ^e fallen trui^ of great forest 
trees melt and are destroyed, and dieir substance brought 
back into the vital drculadon far quicker than by the o^i- 
naiy processes of slow decay* As further result, however, 
white ants are among the most inveterate destroyers of 
houses and furniture, books and papers,^ in low latitudes. 
If the alga-fungus parmership has extended the range of 
humble plant-life in the arcdc, that of termite and flagellate 
is hindering the spread of human civilization in the tropics. 

Then a great many animals are green, owing to die 
presence of single-celled green algas within their tissues. 
Among these are many of the beautiful Radiolaria that float 
1 in the sea, the green Hydra, and the great majority of reef- 
f(kinmg corals. The animal profits by utilizing some of 
the po^hydrates built up by die alga’s chlorophyll, and 
ifaeiefi^te tSsei not trouble to find so much food ; and the 
alga profits by utilizing some of the nitrogen wfakh the 
is eontinupusly giving off in its excretions, for there 
is id most hdutats a of available and 

m alga within ^ anhmd fiids itself in an excmtionally 
fevou^le situation as regsnds dtis elemeim .we fiav^ 
seen that ite drief mason lefay mefi>buikBtig cmals cannot 
live save In a nanow surj^ layer of wiMr is that diey 

mr: 
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Starve at greater depth, since their algal partners need light 
to make their carbohydrate contribution to the partnership. 

During the last fifteen years, Buchner has b^ nuddng 
a systematic study of symbiosis between animals and plants^ 
and has discovered many interesting facts. Partnerships 
between animals and green algas are confined (with die one 
exception of the sloths) to transparent and wate]>living 
creatures, for only here can the food-producing activities 
the green cells be turned to advantage. We find them in 
protozoa, sponges, corals, and other ccelenterates, flatworms^ 
wheel-animalcules and possibly in a few pelagic snails. 

When the plant-partners are algae, they help in food- 
manufacture ; when they are fungi or bacteria, they help 
in food-utilization. All arthropods that suck plant juices 
have such partners — plant-lice, scale-insects, plant-bugs, 
cicadas and the rest. So do all those that suck the blood 
of vertebrates — lice, bed-bugs, ticks, mites, tsetse-flies, 
probably mosquitoes and fleas, with leeches too ; but their 
relatives that suck invertebrate blood have none; appar- 
ently the colourless plant-parmers help in breaking down 
that typical vertebrate structure, the red blood-corpuscle. 

Hair- and hom-eaters like the bird-lice are also depeocknt; 
upon symbiotic partners; and so are all the wood-eadng 
animals and those whose diet is very rich in cellulose. Many 
beetles and beede-larvae, termites (though here the partner 
is a protozoan), ants, wood-wasps and gall-midges, rumi^ 
nant and rodent mammals, and certain birds all ^1 intso 
this category. Here, the partner-plants help to make an 
unusual t 3 rpe of food digestible. Where animat focai ie 
the staffle, we find no bacterial or fiingal partners. ^ All 
coduroacmes too are really partnerships, diou^ in this ease 
we do ii0t know exactly what rdle tte intestinal b ac terit 
play. In some cases, bacterial partners appear to si^p^ 
vitamins to animals living on a monotonoiis ai|d ^ 
(imdttativdy deficient diet. . i 

fteallyi partner-bacteria may pl^ quite a 

nwy he used to generate fmosphofesoefMS^ mIM 
141 
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animals shine with their own lights but there are a number 
—most of the luminous cutde-fi^ all the brilliant Salps 
and Pyrosomes among the sea-squirts^ and a few fishes — 
which cultivate luminous bacteria in special pockets evolved 
for the purpose. Symbiosis is thus not a haphazard occur- 
rence. It has its rules and its meaning; each kind of 
parmership between an animal and a plant is helpful in a 
particular way of life. 

A partners^p less essential and less iindmate, although 
no less interesting, is that between a comnion species of 
hermit-crab, Eupagwrus berhharJi^ and a sea-anemone. The 
mollusc-shell inlu^ited by the crab is always covered by 
a pink sea-anemone of the genus Adamsia. When the 
crab has grown too big for its house, and must change into 
another, it carefully detaches its partner and fixes it on the 
new sheL The hermit-crab with very little trouble and 
expense obtains a defence-force in the shape of the anemone’s 
wUte stinging thread or aconda, covert with batteries of 
poisonous netde-cells, which it shoots out when alarmed 
through little port-holes provided for the purpose in its 
flanks. The anemone gains transport and crumbs from 
the crab’s table, as its active jaws br^ up a piece of carrion. 
The anemone’s sole adaptation to a life of partnership seems 
to be its readiness to be detached by the crab, whereas to 
any other detaching force it offers the greatest resistance. 
Other crabs live with evil-tasting sponges; or carry sea- 
anemones in their claws as living knuckle-dusters. 

From such examples one would imagine that symbiosis 
and parasitism were clear-cut biologic^ categories. But 
consider a few others. 

The Gtmimon ling, or Scotch heather, Colima vulgaris^ 
is one of those numerous plants which have entered into 
partnership with a fimgus. it is a real dual organism, like 
a lichen; die fungus extends its Web of filaments r^t 
though the fiant^ most abundant in the odls of the roots^ 
but readiing through stem mi leaves and evaa Into the 
tiwaries. As die ripens, ^ments extend on to its 
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coat ; and when it is shed and begins to sprout, these pene* 
trate the living cells of the root. They secrete a ferment 
which dissolves cellulose ; and by means of this, the fila- 
ment spreads from cell to cell. After a short time nearly 
every cell of the root’s outer layers contains a coil of this 
microscopic living threads; and thence it spreads up the 
stem. Finally, it bursts out on to the outside of the root, 
there to form a microscopic feltwork, and also, though in 
less quantity, on to the outside of the leaves. So far this 
looks like a case of parasitism. But, surprisingly enough, 
it has been proved that the fungus feltwork round the roots 
is necessary for the life of the ling. If heather seeds are 
sterilized, so as to rid them of all traces of the fungus, and 
then sown, they begin to germinate ; but, though stem and 
a few leaves at first grow normally, nothing of the root- 
system is formed save a few feeble stumps, and the rootless 
seedlings soon die. The fungus, on the other hand, can 
grow apart from its larger partner , and when thus isolated, 
it has been proved to have the power of fixing nitrogen from 
the air. Moreover, it has been shown by Rayner that the 
heather-fungus partnership — ^in other words, fungus-infected 
seeds — could germinate and grow quite well in spite of the 
absence of all nitrogen supplies, organic or inorganic, show- 
ing that the fungus was obtaining the necessary supplies of 
nitrogen from the atmosphere while in double harness juSC 
as well as when on its own. 

Here, one might now suppose, is a perfect case of mutual 
benefit. The fungus receives carbohydrates made by the 
dilorophyil-machinery of the heather, the heather ^pro* 
priates some of the nitrogen made available by the peculiar 
and spedaliased chemical activity of the fungus ; and so long 
and dost has been the parmcrship that the headier is now 
entirely dependent upon die fungus^ and even needs iti 
pnpsence as a formative stimulus to its normal developfiieii^ 

But it is only in certain conditions that the 
wodks thus smoothly and widi mutual benefit. We itefi 
Bwfp dt fi- hfathf T grown whfaout any fiingus 
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oomc to nothing. But even if they are inoculated with 
some of the iiin^, the parmership is only successful wheh 
they are supplied with little or no nitrogen salts. If more 
nitrogen is provided, the fungus grows too vigorously. It 
takes the upper hand, becomes a parasite instead of a part- 
ner, and kilk the heather seedling. Through some subtle 
chemistry we do not yet understand, the balance is tilted, 
the regime of mutual help is destroyed and gives place to 
a regime of exploitation. Ling will onl]|^ow in certain 
kinds of soil. Possibly this is due in part to similar upsets 
of the imstable parmership. 

Nothing could better illustrate the precariousness of life’s 
adjustments. The phrase hostile symbiosis” has been 
u$^ to describe the state of our own tissues — ^all of the 
same parentage, all thriving best when working for the 
common good, and yet each ready to take advantage of the 
rest, should opportunity offer. There is a profound truth 
embodied in &e phrase. Every symbiosis is in its degree 
underlain by hos&ity, and only by proper regulation and 
often elaborate adjustment can the state of mutual benefit 
be maintained. Even ki human affairs, parmerships fon 
mutual benefit are not so easily kept up, in spite of men 
being endowed with intelligence and so being able to grasp 
the meaning of such a relation. But in lower organisms, 
there is no such comprehension to help keep the relation- 
diip going. Mutual parmerships are adaptations as blindly 
entered into and as unconsciously brought about as any 
others. They work by virtue of complicated physical and 
diemical adjustments between the two paimers and between 
the whole partnership and its environment; alter the ad*- 
justment,. mi the partnership may dissolve as bUntfi^ andi 
iQilosnadca% as it was ente^ into. 

In Ca&ii|ia» bendicU sradnosis may pass ov& to true 
parasitisnu Odier pamiSrsliqM partake of both qualities 
sdhiultaneously* Take for exsunpw the litde Bicwotcm Cm* 
mtJm roscMntis^ whose partnerslfo whh a jsii^e-odled 
Ipeeti qlga has him so^p yj^ aBy deaet^M hf in 
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his Plant-Ammds. This all but microscopic wonil-alga 
parmership is so abundant in some regions, as at Roscoff 
in Brittany, that it colours the sand green over patches many 
yards in extent, its hordes coming up with the inflowing of 
the tide and burrowing below the surflice, out of reach of 
the pounding waves, as the beach is covered. Over 2,000 
million wormlets may exist in each square yard of su^ a 
patch. Convoluta, unlike the heather and the fungi of die 
most specialized kinds of lichen, does not take steps to carry 
over a supply of its microscopic parmer in reproduction ; 
its eggs are colourless, free of algse. But the ^gal partner 
is abundant as a free-living creature in the environments 
where Convoluta is found; and every egg is soon sur- 
rounded by a little band of these green flagellates, attracted 
in all probability by the nitrogenous substances it gives oflF 
as waste. The egg develops into a larva, which one day 
swallows one or two of the green free-living cells. These 
multiply in its body and produce the large quantity of 
green tissue. ‘ A worm kept uninfected in sterile water not 
only remains colourless but fails to grow and after a short 
time dies. 

The adult Convoluta thus contains a whole band of algse* 
These find themselves in a very favourable situation for 
growth, since they snap up the animal’s waste nitrogen 
before it diffuses out into the sea; and Convoluta, by its 
periodic migration to the surface, puts the algae into die * 
best conditions of light for splitting carbon dioxide. The 
worm, on the other hand, draws on its partners for food# 
it is growing, it still eats in normal animal ftshiofi, 
but once ^t is full-grown, it no longer uses its mouth, but 
nourishes itself entirely by digesting away die surplus of 
its gjceen eell$. So we have the strange spectade of a woM 
diat grows vegetables within its own iteh. 

the worms grow old, they mate and lay Thtt, 

fcliiehow the is upset and the whole intemsl popii*^ 

hilioa.ofalgaiisdige 8 tdei; and when diis has been 

Convoluta must die of ilarvatio% ihuy p |i| 
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inoqxilble of finding food for itself. Every worm of these 
millions on the beach, if it escapes a more violent end, is 
destined to starve, as a result of ^is incontinence of its own 
appetite. 

During most of each worm’s lifetime, the paitnership is 
a symbiosis, for both worm and alga benefit ; but in its 
old age the partnership changes its character and the worm 
becomes a parasite, or rather a straightforward herbivore, 
destroys its plant-partners, and with then^both the p^rmer- 
ship and itself. From the point of view of the race of 
algs, the partnership is never a symbiosis, since every alga 
widiin the body of the worm is in the long run doomed to 
destruction ; the algae are lured into slavery by the chemical 
bait dangled before their nitrogen-hunger, and are cared 
for only to be destroyed. The relation is like that between 
man and some animal which he would take into captivity 
only to fatten and kill, leaving the supply to be renew^ 
by natural reproduction. Some kinds of oyster-culture 
approach this, although man here usually in some degree 
controls the reproduction of the subordinate partner ; and 
luckily man is not inexorably tied to dependence upon 
oysters as Convoluta is to dependence upon its algse. 

Then both symbiosis and parasitism grade off imper- 
ceptibly into more casual relationships. The termite and 
its flagellate are indissolubly tied together — ^neither can live 
without the other. Ling cannot live in nature without its 
fungus ; but the fungus can live without the ling. In many 
lichens both partners can exist separately, but they cannot 
grow under anything like such a range of conditions as can 
die parmership of both together. In other cases the rela- 
tion is less obligatory. Almost all the familiar forest-txees 
of the temperate zone normally possess fungus in and on 
thdr roots like ling ; eticfo tbot-fun^ is call^ mycorrhiza. 
Often the infected roots are covered with a visible feltwork 
of fungus, and this growdi ipay be different frpm die nor- 
mal. No root-havs are tvhen the mycorrhiza is 
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The fungus is found actually inside many of the tree’s cells* 
In some cells it is actively alive and growing; elsewhere 
it may die, and the tree-cells digest it. There is little doubt 
that in certain soils the proper development of the tree is 
bound up with the presence of the right fungus; but in 
certain conditions the trees can grow independently, without 
assistance from their fungi. At any rate, they are not, as 
species, inevitably tied down to the partnership. 

The fungus-partners of many forest-trees lead a double 
life. Like so many fungi, they spend most of their existence 
as a mycelium, a thready feltwork of tiny white threads, 
penetrating the rich soil in all directions. If the threads 
continue their independent life, they eventually throw up 
a large toadstool to disseminate the race by means of spores. 
But if they chance to meet a tree-root, they find in it a 
habitat which is equally propitious but quite different. They 
change their whole mode of growth. The invasion of the 
very cells of the root at once suggests that the fungus is a 
parasite on the tree ; but the digestion of a certain propor- 
tion of the fungus equally suggests that the tree has lured 
(metaphorically speaking, be it well understood) the fungus 
within itself to enslave and exploit it, as Convoluta enslaves 
and exploits its algae. 

Our simple human categories of exploitation and mutual 
benefit, although useful, are amfiaal, and break down when 
confronted with the complex and inhuman, or at least non* 
human, realities of other life. Fungus and tree-root pene* 
Irate where they can and increase their substance blindly at 
the expense of whatever material they find; selection sees 
to it that beneficial variations are appropriated as they turn 
up. The fungus invades, the root resists ; there is a ba l a nc e 
between the invasion and the defence; there are some 
advants^es on both sides, but d a m a g e on both sides also# 
T^ advantages reaped by either of the competitor^paitisncs 
cancel out its losses, and the net result be nil ; tar o ne 
may achieve a net benefit and to a certain d^ree eaqdoll^ 
the o^^ ; * or adjustment may be made so that in bodi lilft 
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benefit outweighs the damage, and thus a true symbiosis 
arises. 

We have seen that parasitism grades into the mutual 
dependence of symbiosis. It also grades into independence ^ 
— in animals generally the independence of the camivote or 
the scavenger, in plants diat of the green plant or the chemi- 
cally scavenging fungus. It has usually been customary to 
call any organism a parasite which both lives on or in another 
and lives at its expense ; but by so doing, lump together 
a number of really quite distinct ways m life. Whatever 
our definition of parasitism, it is clear that such forms as a 
tapeworm, a Sacculma, or a RafHesia must be called parasites. 
They not only live at the expense of other organisms, but in 
so doing have sacrificed their own independence of life and 
lost the organs by which it was once achieved — the animals 
their limbs and stomach and sense-organs, the plant its leaves 
and stem and roots, and even its very greenness. 

But what of the bird-hce or Mallophaga, which find shelter 
under the plumage of birds and only live by scavenging the 
debris of Ae feathers ? What of the ichneumon-grubs that 
eat out die inside of their caterpillar-host and could just as 
well be called internal carnivores as parasites? Is there 
enough difference between the habits of a flea and a mosquito 
to justify us in calling one a parasite, the other not ? ’What 
ab<mt the Remora or sucker-fish which obtains free transport 
from sharks and turtles and other large sea-beasts by clinging 
to them with the sucker on its head, but takes no food ^m 
them; or the gall-forming crab Haplocarcinus, which robs 
die corals among which it lives of no nourishment, but by 
ibe irritation of its presence distorts the growing tip of a csm\ 
branch into a bullous protective case for itself ? What of/ 
the littlte crustacean which inhabits the hdlow intexioc 
baefei-shaped Snips, «auid scoops up its host's food 
as it is being slowly prc^idled by dlia alot^ the food-groove 


^ The iod^miknce of anknab 
oidy; they am in the long etm dependbi 
Chap.V. 
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inside its pharynx? What of the cuckoo, which lives at 
the expj^ of other birds when it is young, but then fends 
for Itself? 

The is that animals or plants can no more live in 

splendid isolation ** than can nations. Every oi^ganism is 
part of a network of relationships, biologically tied to a host 
of others. There are relationships concerned with feeding, 
with shelter and protection, with support, with reproduction, 
sometimes with such minor matters as toilet and recreation. 
Within every sort of relationship, one party may not only 
come to exploit the other, but to exploit it in such a way 
Aat it loses some of its own independence and becomes, 
in the biological sense, degenerate. Or the two parties may 
come to benefit each other. But all relations of any intimacy, 
betwe^ lower organisms as between men and women, arc 
precarious, supported, as it were, on a knife-edge. They 
may so readily over-balance and change into something 
tiifferent and even opposite. 


S2 

Tie Scak of Living Thirds 

In the preceding chapters we have set out sometiiing of the 
diversity of plans of structure and ways of existence. Life*s 
purely quantitative diversity is no less striking. 

It may interest the reader if we give a brief xait of sizes, 
biggest plants are nearly ten times bigger than the biggest 
^mah. The biggest animals are whales, some of whidi 

niust nm " * 

and fifty; conttaty to popular b^W, die biggest exdiict 
npdles a^^ihed oidy some fifty tons, or about a ddid tp 
nnidi a. die giants amoi^ diese biggest mamniala. Tlieie 
zepdien wetie undoiditedly semi-aquadc; and WMnn* 
Wjfnris CPI teach mudi greater weighti than hud .idnwii. 
OrhiyUaniiaals, aonte exdnct fonns cxoeedbd tientd% 
iltn aiia i Aofe alive lo-day, six CTsevmtpn. is dip 
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All these are vertebrates. The biggest invertebrates are 
molluscs, some of the giant squids reaching two or three tons. 
The coelenterates, startlingly enough, come next ; a jelly-fish 
from arctic seas may weigh about half a ton. lliis group is 
followed at some distance by the arthropods, widi giant 
spider-crabs of perhaps fifty or sixty pounds. Among 
groups which exceed two pounds, but fall short of ten, are 
snails, lamp-shells, echinoderms and also — ^a surprise to most 
people — eithworms and polyps. Perha]^^ too, the largest 
tapeworms, with their huge lengths of seventy feet and more, 
just reach a kilogram. 

Far below come insects and spiders, which never weigh 
more than two or three ounces. Most of them are much 
smaller. Even ants half an inch long are well below a gram 
in weight. The biggest ant-colonies have about a million 
inhabitants; all this population together weighs no more 
than & large man. As for fleas, three average fleas go to a 
milligram. If you bought an ounce of fleas, you would 
have die pleasure of receiving over 80,000 of them. Even 
the solid queen hive-bee weighs much less than a gram, and 
the workers only about one-seventh of a gram — 200 to the 
ounce. (An ounce is 31*1 grams.) 

At the bottom are the rotifers, whose greatest giants fail 
to turn the scale at ten milligrams. The smallest many-celled 
animals are male rotifers, some of which weigh considerably 
less than one-tnillionth of a gram, so that it would take over 
a thousand to outweigh a single one of our musde-fibres. 

On the whole, the lower limit of size among the various 
groups is a good deal more constant than the upper. It is 
interesting to find that here again the limit for vertebrates 
is fyr abpve that for any other group. There is dearly a 
limit set to a tnany-oelled animal in tl^ number of cells out 
of whidi it is constructed > the smallest worm must have 
sevejral diousaad oeQs to bttUd its otganizatioiL But it seems 
to be imposdble, or unprofitable, to build a vertebrate out 
of less than several million cdls (Figs. 

, The small scale on which sudi a con^hcamd beast as an 
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insect can be constructed is amazing. There are insects, 
complete with compound eyes, three pairs of jointed legs, 
wings, striated muscles, brain and nervous system and all 
the rest, which weigh less than the human ovum, and much 
less even than the nucleus of some large protozoa ! A list 
of animals in order of weight would be full of surprises for 
most readers — 3. polyp as tail as a sheep, a frog as big as 
a terrier, a snail diat lays eggs as big as a sparrow’s. But 
we must leave mere curiosities on one side, and see whether 
we can find any thread of principle running through the 
tangled facts. 

There exist definite biological reasons which limit the size 
of different groups. Insects are kept tiny by the fact that 
they breathe by branching air-tul^s, not by lungs. Birds 
that fly cannot go above a certain moderate size for aero* 
dynamic reasons ; ostriches and moas show that birds can 
grow big if they sacrifice their wings. (Angels, by the way, 
are a biological impossibility. To obtain the motive force 
for flapping his wings, a normal-sized angel would have to 
have a breast-bone and breast-muscles projecting four feet 


from the front of his chest.) Land-vertebrates are limited 
by their leg-bones. The supporting power of a pillar of 
bone is proportional to its cross-section. A little thought 
will show that the weight of an animal’s bones will have to 
go up faster than its total weight if its limbs are to continue 
to support it. The bones of Swift's Brobdingnagians would • 
have snapped under their weight if they had been mere 
enlarged scale-models of normal men and womens And 
there is clearly a limit to the amount of mere supporting 
material which living muscle and blood can econoniscaliy 
move and nourish. In water, however, almost all an antmal'i 
wta^t disappears ; bones ate needed as scaffolds and kvera, 
no longer as supports. And so water-veitebratea can grow 
Wu £ax greater size than can dwir terrestrial cousins ; ihw 
sw is limited only by the exigencies of hod^wpfly mi 
digesdom 

diot^ aquatic, nem grow na^ 1%, 
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by vertebrate standards* In this case it is the habit ^ 
moulting which seems to be responsible. For, if you ait 
a lobster or a crab, the bigger you grow, the longer it takes 
to produce an adequate new outfit of armour ; a crab as bilg 
as a cow would have to spend most of its life in die retirement 
of the moult, hardening its hundredweight of shell before it 
could venture out and feed again. 

Far down the scale, all creatures that move by dlia are kept 
extremely small. Not only can these hair-like rudiments of 
limbs never be more than microscopic themselves, but they 
are confined to the animars surface, and cannot be massed 
in solid three-dimensional organs like muscles^ 

When dliary-swimming marine larvae seek to take advant- 
age of the rich food at the sea’s surface to grow to a larger 
bulk than usual before transforming into bottom-living 
c^tures, they have to increase their dlia-carrying sur&ce* 
In sea-urchin larvae, this surface is a band of tissue bearing 
espedally large cilia, which is braided, as it were, over the 
creature’s protruding arms. In this case new surface is 
prcMded to cope with increasing size by growing new arms* 
In sea-cucumb^ larvae there is a similar band of dlia, but 
they have no arms. And in these, increase of total bulk is 
accompanied by the throwing of the band into lappets and 
folds, of^ of extraordinary complexity. 

The limit to the employment of dlia comes in creatures 
only a few millimetres long, like ,young tadpoles. Whm 
the% are first hatched out they have no^yet the use of dieir 
imisdes, but are coveted all over with cilia. By the aid of 
these they can glide veiy slowly over the bottom, but ait 
comples^ incapable of swimmii^ or of any rapid move- 
ment^ ciliated anir^ under the mkroseope 

is appareht only; the instrun^nt nu^pdfies'dH^ ipeed m 
w^ as tfadr dimensians.) a So it comes about that uufite* 
dlsate can grow heavier du|tt iboiit t 
Sedenlaiy creatures that use cdk for 
ktgat. the bndt comes widi Tisde^ die 
bet 
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Efficiency of circulatory, supporting, digestive and excre- 
tory organs — all are needed for any great size to be attained* 
Flatworms, with their lack of blood, can only grow more 
than microscopic by spreading out flat like a leaf ; and even 
then their size depends on the degree to which their type of 
gut can be made to branch. 

Then we must remember some curious consequences of 
smallness and bigness. The very smallest living things are 
so tiny that they are not out of the range of influence of 
mere molecules. Even if you are down to a bare ten- . 
thousandth of an inch across, so many molecules are hitting 
you that the bombardment is equal on all sides. But reduce 
your bulk a hundred times further and the rush of molecules 
may impinge with varying intensity, now on one side, now 
on the other, and what to all bigger creatures becomes mere 
uniform pressure keeps the tiny particle all its life long in 
the incessant jerky motion called Brownian movement* 
Filter-passers are so small that they no longer sink in water ; 
the force of gravity has become negligible compared with 
the molecular bombardment. 

Many units up the scale, we come on a very diflPerent 
consequence of relatively small size. Have you ever seen 
an insect drinking ? Probably not. Insects do not drink, 
or at least they do not drink like larger creatures, by going 
down to a pool and lapping up the water. And yet they 
may be thirsty ; ^butterflies may not infrequently be seen 
setded in crowds on damp ground, sucking moisture through 
their trunks. The reason for this in all probability lies in 
their small size. They cannot drink from open water sur- 
faces; they seek a film on solid particles. They are most of 
them so small that the surface-tension inherent in the sur&oe- 
film of water — that skin of molecules whidi is toong 
to support a water-skater and even a needle — is mote 
powerful than th^. Everyone has seen ]itde moths and 
gnats struggling v^y against the grip of the 
and one of the recognized ways of ensuring a peaoefrd 
in dea^baunted comers of world is to stand na tod l ^ 
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a tray in the centre of the room, let the fleas jump on to you, 
and then sluice them off ^th water. For all their jumping 
powers, the surface-tension holds them tight; and to get 
away once they are wetted, they have to lift many times 
their own weight of water. As J. B. S. Haldane puts itt 
“ An insect going for a drink is in as great danger as a man 
leaning out over a precipice in search of foqd.” 

Thus to insects and spiders the dangers of drinking are 
very real ; and most insects get their drink in their foc^, or 
sop it up from wet earth as we might suck moisture out of 
well-wetted blotting-paper, or at most suck at very small 
drops of it ; and then generally through a long proboscis.' 
It is possible, too, that a curious fact in insect anatomy is to 
be explained by their difliculty in getting drink. Their 
excretoiy organs are unlike those of all other animals in 
opening into their intestine instead of direct to the extefiou 
Our own large intestine absorbs water from the undigested 
food. If this is the case with insects, too, they waste no 
water m their urine. 

But size, though it enables land-animals to laugh at surface- 
tension, makes tiiem susceptible to the dangers of gravity. 
The smaller you are, the greater is the proportion of your 
surface to your weight, since surface goes up as the square 
of your length, wei^t as its cube. A big African ele^umt 
weighs about a million times as much as a mouse, its Unear 
dimensions being^out a hundred times greater. A Bttie 
easy calculation will demonstrate that if an elephant could 
be re-cast, so to speak, into the form of a million mice, the 
same wei|^t of material would now have a hundred times as 
much sumce. 

In a| perfect vacuum, all objects, big or amall, would fefl 
at the same constantly accderated spe^ But in natine 
lesistance of the mr comes in ; and titis dqxnds on suiAtw 
psfbeed. The huge proportion of sturfece to weight in 
inrjPOkge bacterial spore means that it &Ds with 
dow^; aiul even an aveirage ant^ dioii|^ ovar a 
tiai^ can hardly fell fest enoi;^ ip addaMi feat 
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bump* A mouse can be dropped down a mine*shaft9 how- 
ever deep, and arrive at the bottom dazed but unhurt. A 
cat or a dog will be killed, however. A man will be not only 
killed but smashed ; and if a pit pony happens to fall over, 
the speed at the bottom is so terrific that nothing is left 
but a few of the hardest bits of its bones and a splash on 
the walls. 

Size is also important in temperature-regulation, since the 
escape of heat is proportional to surface. F^r every gram 
of its weight, a mouse as big as an elephant would radiate 
away only one per cent, as much heat as a normal-sized 
mouse. Accordingly, the elephant has to have devices for 
increasing its Surface so as to radiate away surplus heat : of 
these devices we shall shortly speak. In general, a small 
animal has to eat much more in proportion to its size to make 
up for this extra rate of heat-loss ; and when the temperature 
gets very low it cannot manage to stoke up sufficiently. 
A big dog weighing forty-five pounds, for instance, for each 
pound of its weight needs or&y about half as much food to 
keep its temperature constant as does a small dog of seven 
pounds. A honey-bee would need 500 times as much ; that 
is why bees cannot be warm-blooded. This explains also 
why small mammals and birds do not penetrate so far towards 
the poles as do larger ones. The smallest mammal in Spits- 
bergen is a fox ; and there are scarcely any humming-birds 
that manage to exist outside the tropics or sub-tropics. For 
a similar reason, ears and other projections that increase 
surface are cut down to a minimum in cold climates ; but in 
hot countries, where the need of the warm-blooded animal 
is not to conserve but to lose heat, they are often much 
enlai]ged, and provided with many blood-vessels. This is 
so, for instance, in the African elephant ; when he hdds his 
out, from the side of 1^ hes^ he is providing an extra 
fifteen par cent of surfooe though whidb heat can be lost 

StiB another bearing of size on stmctuce is to be foimd 
in paddles and wings. As we have seen, with very small 
wesetwaxeatures, microscopic vibiatfle dUa wffl In 
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moderately tiny creatures that swim with limbs, the limb need 
only be a mere stump fringed with hairs or spines. As the 
animal grows, the main limb itself must be flattened and 
expanded, though a border of hairs may continue to be of 
service ; and with further increase the hmb grows more and 
more of a flat paddle, the hairs get relatively less and less 
important. The change is often made within the individual 
life-cycle of many Crustacea. The same apphes to flight. 
Many tiny insects fly by means of wings that are mere rods 



Fig. 20 , — ^Thb Sizes of Organisms. (F) The snwllest orgutsms. 


All are shown in outline. No. i (anthna baollus) is the «me as 
19, No. 8; (a) Tubercle baollus; (3) Plague baollus; (4) Bacterium St 
Malta fever (Micrococcus); (5) A parude at the li^t of nuctosoopic 
vision ; (S) A filter-passing organism. 


fringed with hairs. The lovely plume-moths are a little 
bigger ; they work on the same principle, but multiply ifae 
hair-fringed rods. . And all flying creatures wei^^iiiig more 
than a fnlpdOn of a gram must have a flat impervi^ eaqpanat^ 
as their main or sole flying-organ. 

There me some curious facts about the prcportidiial ain| 
of parts in bi^ 31)4 small animals. Eyesinpartiailttahisq^ 
im^ease hr mote slowly than total bulk, beomae Mbtm 
0mm minimum size a small eye sees practiad^ is 1% 
n mgf one. The number of toucfa-orguia in m sklh 
ilia^Bei^iipaidtmomalin^ Ji| 
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matters to a mouse to be able to deal with things the size 
of breadcrumbs, but such trifles do not concern an elephant ; 
and the elephant accordingly has its touch-organs spread 
much more sparsely over its surface. 

In animals of different size, but comparable intelligence, 
brains, for reasons we need not go into, increase roughly 
in proportion to surface and not to weight ; so that mere 
percentage brain-weight is no criterion of intelligence. 


§3 


Colour cm.d Pattern in Life 


Hitherto in this volume we have been studying the adapta- 
tion of whole organisms to their habitats. It would be 
possible to embark upon an equally full and equally interest- 
ing study of the modification of single parts, isolated func- 
tions. Sight or digestion, the care of young or the capacity 
of producing sound, weapons of offence or organs of excretion 
—on any of such topics one could write an illuminating 
<diapter of biological history. But space forbids us. We 
will here take the sole example of colour, that enrichment of 
the world, and deal with some of the biological uses to which 
colour and colour-pattern have been put. And we must 
leave it to our readers, with this sample to aid them, to use 
their imagination in reconstructing for themselves the richness 
and variety of life’s functioning. 

In this section then our topic is colour. We shall often 
use the word rather loosely to denote colour and pattern 
combined. We must also bear in mind that most animals 
are jcdlour-Mind, and that what to us is a pattern of colour, 
SO thetd becomes degraded into mere black, white and grey ; 
add akp that most of the cplour$ and patterns of organisms 
have been developed in rdapon to the eyes of other creatures, 
SO that the coloufmgs and pattemings are not only not 
understood by thdr possessory but may even hf Ihvisible 
ahd tfaerefoie non-existent to them. 
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A baby Ringed Plover fresh from the egg, which has never 
seen its mother, will, at the approach of danger, croudh and 
flatten with outstret^ed neck. In this position it becomes 
almost invisible in its native environment of parti-coloured 
shingle. But it cannot see itself or know what obliterative 
effect its actions have — as is indeed further demonstrated 
by the fact that it will crouch just as readily on grass or on 
a carpet, although there its behaviour merely m^es it con- 
spicuous. The egg out of which the baby plover hatched 
was equally protected by its coloration in the nest, although 
the hen-bird could neither know what colour her first egg 
would be, nor, even if she did, could she influence the 
way the glands of her oviduct would blotch on their pig- 
ments. 

Some colours are, in their own right, useless. The most 
familiar case is that of our blood. Haemoglobin happens to 
be so made that it looks red ; but the redness has no value 
qua redness — it is a consequence of a particular chemical 
composition. Once there, the redness of blood may be used 
for the sake of its colour-effect, as in the comb and watdes 
of the barndoor fowl, or in our own cheeks and lips, or in 
the more .lavish decorations of the baboon and the mandrill, 
who, as Mr. P. G. Wodehouse flippantly but expressivdy 
puts it, “ wear their club colours in Ae wrong place.” But 
in origin it is acddentaL Other colours may have a phjreio- 
logical but not a biological meaning — the colour may help 
in achieving some function of the body. The most obvious 
example here is the green of plants. They are green because 
of their chlorophyll ; and their chlorophyll is green because 
it absorbs the red and the violet parts of the spectrum to obtain 
energy for pulling the carbon out of carbon dioride. There 
must be some reason why it does not ab5CM*b grea li^ as 
well, but we do not yet understand it If it m absoib all 
wpiye-lengths, die prevailing colour of our landscapes woi|ldl 
be not green but black; ^ it is probable that we dioilld 
have found^ in blade t^ same qualities of fredhoess mid , 
xe^tfijJness diat we now find in green. But the ooloiir h 

t6^ 



THE DRAMA OF LIFE 


gctdi) and it has meaning in relation to its own chemical 
functions, not in relation to other organisms* 

The pigment of the skin in the tropical races of warm 
countries is equally physiological ; it prevents the entrance 
of ultra-violet light in the excessive and harmful amounts 
poured down by the tropical sun. 

Finally, we come to colour with biological function. The 
two prime functions here are either to reveal or to conceal. 
The former are usually called sematic colours;* cblours which 
point you out, the latter cryptic^ colours whiA hide you. 
In the earlier copters of this volume we have talked of many 
concealing colours, especially those which harmonize the 
general tint of the animal with the general tint of its back- 
ground (white in the arcoc, green in the forest, sandy in the 
desert, blue on the surface of the sea, dark red or black in 
the abyss). Besides such general resemblances, animals may 
show protective resemblance to particular objects. We have 
the stick-insect, drawn out in fantastic fashion ; the sdck- 
caterpillars of many geometrid moths, which hold themselves 
rigid all day in amazing likeness to a twig (complete with 
buds), only moving in search of food when the sun goes 
down; the leaf-insect, which not only has its body trans- 
formed into the likeness of a green leaf, but bears litde green 
leafy frills on its legs ; the &mous Kallima butterfly, which 
at rest not only is coloured brown like a dead leaf, and shaped 
complete with stalk and pointed tip, but has mid-rib and 
veins drawn on it, and in son^ species blotches that simulate 
mould spots, and even tzansp&^t patches bare of scales to 
look like holes; the little moths that escape unwelcome 
attention by a resemblance to a small bird’s white dropping ; 
die sea-horse whose strange garb of and itatters mmes 
j| look like a piece of die Sargasso weed among udiich it liyesu 
Om of m most temapnble cases is ^ of a Soudi 
'^Aineticam^pede^ All n^l^ats and ni^lhawks 

are ptotecdvdy cxdoimdi they ancT dieir eggs mid iMr 
yoOiig; the common JEuropcan^ yecte has, to adddiqn» die 
of ixKMdng ooiidied dotrn 
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when its attitude and its mottled plumage make it seem one 
with the tree. But this South American nigfatja|r goes one 
better. It nests in hollows on the top of tree-stumpS or 
fence-posts. All day it broods in ihis exposed situatkmf 
but is very rarely discovered owing to its delicately pencilled 
grey coloration and itS extraordinary habit of sittkig btrft 
upright with head pointed up in air, seeming to be only a 
projecting bit of dead wood. If you approach, it shifts 
imperceptibly round, always ^cing you. '^en Ae young 
is hatched and grows too big to be brooded, it too adopts 
this same pose, and lives all day in this perpetual rigidity 
until it is able to fly. A combination almost as strikit^ 
is seen in the bitterns, which, when alarmed, lift their beak 
and neck vertically in air, and by always fronting the intruder 
with their striped breast, manage to fade into invisibility in 
the reed-beds which are their home. 

Sometimes concealment is achieved by colour-change* 
The chameleon is the most famous example, but his powers 
have been much exaggerated, and are surpassed by other 
animals. Many tree-frogs b^ome green when on leaveSi 
brownish-giey on a branch ; and in some cases at least the 
change of colour is achieved successfully evSn by bfind 
anim^. 

But the facts in lower vertebrates are rather Complicated, 
because besides apparently protective colour-changing, there 
are changes in response to such purely physical ftictors as ^ 
warmth, humidity and darkiKSS of the surroundings* Put 
one frog in a dark moist jar iBd another in a white dry jar, 
and examine them after a couple of hours ; the first will be 
strikingly darker than the second. ProfiE^r has 

demonstmted very neatfy that this is an internal secretion 
Tte colour-chai^ is due to the cscpansion or oofk 
of Utde Uadc o^ the mese aiovetncMI 

afte^Bonttolled the amouirt of secreiod iidbUt die 
Ilihnd itt die base of die biain pom into Ihe Moody te nn^Mpi 
|» m e wa g w from and ddn. . 
B^did^abtdbediepnulbrconoaaN^ 
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diey can change pattern as well as colour. In the Plymouth 
Aquarium is a tank with two communicating compartments^ 
one floored with fine sand, the other with boldly-variegated 
shingle ; in the tank are flounders, and visitors are invited 
to drive the animals from one compartment to the other 
and watch the results. In the shihgly half, the filsh are 
coarsely blotched with dark brown, sandy yellow and pale 
cream; but if one of them be chased through on to the 
sand, in less than five minutes its blotched pittem will have 
given place to a fine-grained uniformity, and the fish presents 
as good an imitation of its new background as it did of its old. 

We must now turn our attention to pattern. A vast 
number of animals are lighter below than above; this is 
die simplest case of a concealing pattern. Its use is illustrated 
by an admindDle model in the Natural History Museum in 
London. In a box, s^nst a light-brown background, is a 
rough model of a duck, strongly illundnated from above. 
Altbou^ the duck is dark<*brown above, and nearly white 
below, it blends wonderfully with the background, because 
the shadowed white of die belly becomes of the same tint 
as the illumimued brown of the back. But the model has 
a handle attadied to h. Turn it upside-down, and the dude 
stands out strikingly, the white made brilliant, the brown 
mmed almost to black. Essentially the same thing is seen 
in nature, whenever a fish swirls over on to its back; all 
but invisible before, it gleams into brilliant conspicuousness. 

When an animal habitudlv lives in an unusual position, 
its shading is often correspcmdingly adjusted. There is a 
Nfle cat-fish, Synodantisj that normally swims upside-down. 
Though this l^it had already attract^ the attention of the 
ancient Egyptians, we do not yet understand why it has 
'arisen ; but whatever its meaning, the shading of the fish has 
widi it^and its upper side, though the belly, hrdariter. 
Still inote curious is the case of the criistacean Anilocia, an 
external parasite on dw bodty of small fish. It ahn^ diogs 
paialld 'With tlie iidi’s body, and one lot^^tndiiBl bsif of it 
is dad^ die odier lighL to saateb the dading of its host. 
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In animals living against an irregularly-patched backgrotind 
this irregularity is sometimes wonderfully simulated; one 
has only to think of the lizards, moths, beetles and other 
insects that imitate to perfection the rough and lichen* 
encrusted bark of the trees on which they crawl or sit ; or 
die brooding woodcock whose brown plumage streaked 
freakishly with yellow makes her almost undiscoverable 
among die sun-decked herbage and dead grass where she 
nests« 

The woodcock introduces us to a new principle — the 
principle which underlies the art of camouflage. It is 
interesting that it was first fully stressed by a student 
of animals — Thayer, artist and naturalist, whose book, 
Concealing Coloration in the Animal Kingdom^ if often 
over-enthusiastic (we cannot follow him, for instance, in 
believing that the scarlet of the flamingo is of use as a con- 
cealment when flying against a sunset sky !), is yet, in its 
way, a classic. He was the first to realize the value of what 
may be called ruptvue coloration — bold pattern which breaks 
up the form and outline of an animal into irregular and 
meaningless pieces. Very conspicuous in a museum case, 
such animals in nature are among the best disguised. The 
same principle, in exaggerated degree, was adopted for con- 
cealing guns, ships, and so on in the War. As an anti- 
submarine measure, an interesting variation was adopted* 
Ships w^re painted in bold patterns, usually in blade, white, 
and blue, so as to give, through false perspective eflfects, a 
wrong idea of their course ; ^and this i^e it much harder 
for the submarine to take up the correct position for attadc* 
For a crouching animal, fabification of oudine is valuable; 
for a ship threatened by submarines, fidsification of direetkmu 
The dappling of many deer, the spotting of the leopard and 
ocelot, the striping of the okapi, ^ die pattern of the gteat 
pydions may help in this tiray as well as by sfanth' 
ladag sunAecks in die foiest Even ^ Malayan tstfk may 
benefit by his white binder-half. ^ 

tt is wordi mentiontng that, as one wpiild e a g peq^ a& 
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spotted foiest-dwellers show light flecks on a darker ground 
(simulating sunflecks), whi|e any spots in desert-animals 
are always dark on a lighter ground (simulating pebbles or 
local shadows against the glaring sand). But the most 
striking examples of ruptive coloration are afforded by bars 
and stripes, which cut across the animal’s true form and take 
the eye from its outline. Many tree-frogs practise this. A 
more familiar example is the ringed plover, so common on 
the beaches of Europe. Its black colour head-stripe 
disrupt its lines and make it blend with the bi&ckground in 
a most unexpected way. Its American relative the killdeer 
is very similar; and in the tumstone the trick is played 
for all it is worth, the bird in the hand looking a regular 
harlequin, but achieving invisibility on a rocky shore. 

Camouflage may be either protective or aggressive. Of 
aggressive disguises the most wonderful examples are the 
flower-spiders and flower-mantises, which frequent flowers 
in order to prey upon the insects which visit them, and 
escape notice by being dressed in the same brilliant colours 
as tne flower. 

It is but fair to say that many naturalists and sportsmen 
have severely criticized the whole theory of concealing colors 
tion, and while some, like Thayer, would make all coloration 
concealing, others would go to the opposite extreme and 
deny that any colour or pattern ever concealed its possessor. 
The trudi, as so often, is between the two extremes. Many 
colours do not have a concealing but a revealing function ; 
many others seem to have no function at all. But one need 
only have been an amateur biidsnester or a collector of 
butterflies and moths to know what protection colour may 
afford, while sudi marvellous adaptations as those of leaf* 
^iseqtB or bark^beeties or weed-like sea-horses may be best 
Idft to for thenudves* « 

We now pass to our second main type of cojontton^^^^tiie 
Goloratkm wltidi reveals instekl of conceaU^ First* diete 
amtfaeopbumwhkbhe^inieeOB^^ Theniomfiliiiiliar 
is dm tail of rabbitsi usmss for sK ordinary caudal purposes, 
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but SO white and conspicuous that in America it has earned 
for its possessor the name of cotton-tail. Its fimctions seem 
to be to act as a danger-signal and to guide others to safeicy* 
A band of rabbits is feeding as dusk begins to fall. One or 
two scent danger ; out flashes the white signal and, as they 
run to their burrows, marks the path to home. At once 
the rest are on the alert ; and the young and inexperienced 
run no risk of growing confused or fotgetting which way 
to run. It is sometimes argued that the white tail is a handi- 
cap instead of an advantage, since it gives a nice mark to the 
sportsman. But this is unbiological. The white tail was 
evolved millennia before guns or even men wfere thought of. 
^That it renders its possessors temporarily more visible to a 
pursuing fox is no matter, provided it helps them to dis- 
appear into burrows or brush before the enemy has caught 
them. 

A case where colour links parent and young in a special 
relation is seen in the great majority of birds with helpless 
nest-fed young. The inside of the young bird’s mouth is 
almost invariai)ly of brilliant colour, often yellow, though 
some, sudi as ravens, show a rich crimson, and others reveal 
Skiking patterns. As soon as the parent returns with food, 
up go the skinny necks, and open fly the large and brilliant 
gapes, making the destination of the food very conspicuous. 
In hole-nesters, like tits or wrens, this may be of real service 
by preventing waste of food and time. But in most birds 
we may hazard the guess that the adaptation is one of those 
‘ which are of no service to the species, though a sine qua mm 
to the individuals of which the species is composed. Watch 
any smal^ bird feeding its offiipring ; it does not waste any 
time seeii^; diat all take their turn, but jams padcets of food 
down the throats that most obvioudy present tbemselvei. 
Ima£^ one baby blackbird or robin of a brood unprovided 
srith a yellow maw ; it would not be so compicuous, aod 
V^ouldnotbefbdsooften. It ^uld thus grow mom sloi^ 
and die nde that unto him that hathsliaB beglsipf^ 
hcdda tot fahds as well as men) would ao become 
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handicapped in the struggle for prominence when food was 
brought ; it would run the risk of being suffocated, of being 
the first to starve if there were not enough food to go round ; 
it would get a poorer start in life than the rest. The bright 
mouths of nestlings have been developed through com- 
petition between brothers and sisters ; they are the result of 
selection, not merely within the species but within the family 
circle. 

Then, oddly enough, there are animals ^hich are con- 
spicuously coloured because they actually want to get eaten. 
A certain percentage of the black-caps, sparrows and other 
passerine birds that we see around us are infested in their 
bowels with the fluke known to biologists as Distomum 
macTostomum. It is not a violently harmful fluke. It uses 
some of the bird’s food and slightly damages the lining of 
its intestine; it is a nuisance rather than a danger. The 
birds were infected with the parasites when they were still 
nestlings, and we propose to note the manner of their infection 
as an example of what we may call appetizing coloration, 
and an illustration of Nature’s impartiality. 

The flukes, when they are mature, lay copious eggs, after 
the manner of internal parasites. The eggs pass out of the 
host bird with its excrement, and thus they are scattered over 
the leaves of bushes and herbs. Most of the eggs are wasted 
and come to nothing ; a few of them, however, have the good 
fortune to be swallowed, with part of the leaf on which they 
rest, by a snail. The snail, we may note, must belong to 
a particular species, Succinea putris ; in any other kind the 
eggs are digested and killed. But in Succinea putris they 
hatch out into microscopic, active larvae. The larva bores 
through the snail’s stomach and makes its way into his body 
tissues. There it comes to rest and undergoes a curious 
development. It grows enormously and becomes a shapeless 
radiating web of living tissue without brain or ^es or any 
of the usual marks of living animals. It spreads wough the 
snadl, growing at his expense, and becomes so mixed up with 
his tissues diat it is difficult or impossible for a disse^r to 
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separate it completely away. But in the front, by his head, 
it sends out special shoots. It sprouts out into lobes which 
grow up into his horns and distend them, and are very 
conspicuous from outside — partly because they are gaily 
coloured, with green and white bands and vermilion dps, 
and partly because they wriggle and pulsate actively just 
under the skin of their host. They are designed, in short, 
for being eaten; i:onspicuous as they are, they catch the 
eye of insect-eating birds, and since they distend the horn 
they prevent its withdrawal into the shell. Wherefore, 
sooner or later, they are pecked off by the next host. Each 
of these gaily coloured, attractive morsels is really a hollow 
bag containing hundreds of iiuke eggs. 

Now comes a curious development. If the bird swallows 
his mouthful, the bag with its contained eggs is simply 
digested away ; it comes to nothing. But if the mouthful 
is carried back to the nest and given to the young birds, 
the fluke eggs, which can resist the milder gastric juices of 
the nestlings, hatch and infect their new hosts. So back to 
the beginning of the cycle again. And meanwhile the snail 
grows a new horn, and the parasite within him grows a new 
protrusion into it to attract another bird. 

The curiosity of animals is often played upon by man. 
When we bait for mackerel with a bit of r^ flannel we 
emulate the fishing-frog ; and in past decades the hunters 
of the American “ antelope ” or prong-horn often lured it 
within gunshot by gesticulating and behaving in other odd 
ways. There are also well-authenticated stories of small 
carnivores such as stoats or weasels playing strange antics 
and so luring inquisitive rabbits and other small deer within 
reach. 

But the majority of revealing colours have the opposttn^ 
intent ; they advertise distasteful qualities and 611 under tiie 
head of warning coloration^ An everyday example is atibrded 
by the wasps and hornet^ with their conspicuous bandfatt of 
black and yellow ; black^^uid-yellow, too^ axe the catexpiwv 
of ibel cinnabar moth, which are rejected incoatineiith^ by' 
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almost all birds. The black-and-yellow fire-salamander is 
equally conspicuous ; and he is equally nauseous, owing to 
the milky secretion of special glands in his skin, whi<^ is 
actwdiy &tal to small animals. The poisonous coral snakes 
axe ringed with brilliant black, white and red ; a number 
of butterflies, which experiment has shown td be rejected ott 
account of their acrid taste or their towh consistency, are 
large, slow-flying, with showy and defmite patterns. 

The meaning of these devices is clear^ribugh. Lloyd 
Morgan made experiments with cinnabar caterpillars and 
chicks fresh from the incubator-drawer, which showed that 
the chicks have to leam that the caterpillars are nasty. A 
single lesson is often enough. The burnt child dreads the 
fire: ever afterwards the sight of the beast is sufficient 
reminder to prevent the chick from trying it again. All 
enemies who can leam must be taught by experience ; and a 
' certain number of the nauseous or noxious creatures are 
sacrificed for the good of their brothers and cousins in order 
to educate their enemies. The individual dies for his 
cognates. The advantage is to the group. 

Warning coloradon cannot afibrd to be subde or refined. 
The conspicuous colours serve to make the process of educa- 
tion as easy and rapid as possible, and, by sharply distinguish- 
ing the ini^ible from the edible, make subsequent mistakes 
less likely. In the domain of sound, the rattle of the ratde- 
Snake and the hiss of other serpents serve the same warning 
function. 

The skunk is the typical instance of warning coloration, 
as it is certainly the dosest relative of man to practise the 
device. Everyone knows the power of the skunk’s weapon ; 
how dogs bedewed with the vile liquid run off in howling 
deqMur ; and how no wild creature, however huge, fiuodous 
t>r will touch a Skunks most effiscdvely 

combine appdaranoe and bahaViour for warning purposes. 
Th^ have not adopted foe oxdinary prindple ^ shadk^; 
white above and dark below; fodr form studs oixt sbatply 
against foe badtgrounfo The apimal knowa no laar» hat 
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walks slowly, refusing to give ground or to run fiom man or 
beast. The white and bushy tail is held aloft as a warning 
banner. This fearlessness, justified by past conditions, lea£ 
at times to grave inconveniences in the face of modem 
inventions. A skunk will not make way even for a train, 
and a train is unable to step aside for a skunk ; the resultant 
casualty may cause serious distress to the passengers for many 
hours. * 

But if enemies can learn the association of certain patterns 
with danger or distastefulness, and let their owners alone for 
the future, what is to prevent other animals from practising 
a simple bluff, and achieve immunity from attack by imitating 
the warning colours, without the trouble of developing the 
weapon^or the offensive taste ? The answer is that there is 
nothing to prevent it; natural selection can achieve any 
device, provided it is within the resources of life and of 
service. The only special condition is that the species whidb 
bluffs shall be much less common than the species with true 
warning coloration ; if their proportions were the other way 
round, the lesson of the wammg colour would never be 
properly learned. Such imitation of the outward appearance 
of a protected by an unprotected animal is called mimicry, 
and the species mimick^ is styled the mpdel. 

Some of the best-known examples are the dear-wing 
moths, which closely resemble bees and hornets. Another 
is afforded by the two well-known American butterflies, 
Danaas plexippus^ the Monarch, and BasUarehia arcUppm^ 
the Viceroy. The nauseous, flaunting Monarch is the modd* 
It is geographically an invader, and geologically a recent 
invader, of America. The Viceroy mimic is a member of 
a qmte (different family, the Nymphalines, which are stroniB^y 
tq)te8entrd in Europe and North America ; it is so dos^ 
r^ted to an American spedes of White Admiral that im 
two, in spite of their entirely diflfeient pattem, wSl faiw^ 
breed and produce hybrids. The likeness to die modd 
holds for &e adult stage ; egg, caterpillar and dirysdll 
aQofieguIat White Admiral type. 
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he result of local conditions of life, we should have expected 
he invading Monarch to have become modified in the direc- 
don of the native forms rather than vice versa ; but if it is 
m adaptation on the part of the model, the facts are at once 
intelligible. 

It is worth while studying the methods by which the 
mimic’s likeness to its model is achieved ; for they throw 
light on the processes of Evolution. The salient facts are, 
first that the resemblance may be produced in all sorts of 
^ys; and that so long as the enemy’s sense of sight is 
deceived, it does not matter what tricks are employed. In 
Brazil, for instance, there is found a sand-wasp, Pepsis^ 
together with two mimics, a plant-bug and a long-horned 
grasshopper. The wasp’s antennae are short and thick; 
^e mimics have the base of their antennae thickened to look 
like the whole of the wasp’s antennae, while the rest is reduced 
to a filament so thin as to be invisible at any distance. Again, 
there is a distasteful group of South American butterflies 
which have prominent transparent areas on their wings; 
they are mimicked by a number of other butterflies and day- 
flying moths. In the models, the transparency is produced 
by the scales being reduced to minute vestiges. In some of 
the mimics, the same device is adopted, in others the scales 
are of full size, but enormously reduced in number ; in others 
they are of full size and full number, but are themselves trans- 
parent ; while in still others, they stand up on edge and so 
let the light pass through. In some clear-wing moths, on 
the other hand, the scales are loosely attached, so that they 
come off during the animars first ffight. 

Examples su(£ as these show how impossible it is to sup- 
pose that the conditions of life directiy bring about the 
mimetic resemblance ; any kind of Lamarckian explanation is 
ruled out of court, and as the only possible agency fox the 
origin of mitnetic adaptatiqvis, we are left wi^ natural 
selection guiding random variation The same reasoning 
holds good for the hi^y oripnal mediod by wfakh die plant- 
bug Htmonotm achieves its ndmkry of ants. Tlie roof of 
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the front segment of its thorax is prodigiously expanded 30 
as to cover all the rest of the animal, and modelled into the 
colour and shape of the top half of an ant ! 

The Membraddae, the family of bugs to which Heteronotus 
belongs, provides in itself a remarkable object-lesson in 
deceitful adaptations and their origin. All of them have their 
first thorax-segment expanded into some sort of shield, often 
with no obvious adaptive significance. But this convenient 
expansion, once it is present, has been used as the raw material 
out of which all sorts of resemblances, both for concealment 
and for mimicry, have arisen. In one spedes, it is prolonged 
fore-and-aft to look like a grass-seed ; in another, it is con- 
verted into a hollow semblance of a thorn, below which the 
little bug, crouches against a stem ; in another, it looks like 
a hook burr ; in Heteronotus, as we have seen, it takes the 
likeness of an ant ; in Oeda it is much swollen and coloured 
bnght orange, to mimic very exactly the cocoon of a distaste- 
ful moth. The whole group is defenceless and palatable; 
they all possess the thoraac shield which can be molded into 
the most fantastic shapes without change in any of the vital 
organs; and so resemblance of one sort or another has 
become their mam method of defence. In every case the 
resemblance is a hollow sham, and the general structure and 
habits of life are left unalter^. 

In some cases, a single individual may pass from one sort 
of mimicry to another during its growth. The grasshopper 
Eurycorpha when young mimics ants, thinning its antennas 
to invisibility, painung-in a waist, and having the instinct 
to run about restlessly, ant-like, among its models. But as 
it grows up, it becomes too big to look ant-like : and finally 
moults into a green creature with expanded wings, whi^ 
escapes detection by its leaf-likeness and its immobSity. To 
pass from the likraess of an ant to that of a leaf, however, it 
must go through an awkward intermediate stage wfaeo it 
resembles neither the one nor the odier. At this age it is 
provided with yet a third set of instmcts, and tries th escsm 
60m its enemies either by hiding or by ** shynrii^ dead-*^ 
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The cuckoos provide us'with one of the few examples of ^ 
aggressive mimicry, in which a resemblance serves for the 
direct exploitation of the model. The common European 
cuckoo exists in a large number of strains or races, each of 
which la 3 ^ its eggs almost wholly in the nests of one kind of 
dupe ; the meadow-pipit cuckoos and hedgesparrow cuckoos 
are the commonest strains in Britain, while in some parts of 
Europe there are redstart cuckoos, and in Japan, bunting 
cuckoos. In some case$ the cuckoo’s eggs are not 
particularly like the dupe’s eggs ; but usually die resemblance 
is striking. Recent invesHgation makes it almost certain that 
the differences are due to differences in the severity pf 
selection. Sometimes the dupe is easy-going and stupid, 
like the hedgesparrow, and will brood almost anything; 
then there is no need for the cuckoo’s eggs to resemble their 
hosts, and no resemblance is achieved. This is not because 
of any difficulty in the cuckoo’s producing a blue egg like 
that of the hedgesparrow. Redstarts also lay blue eggs. 
But they are stricter and will turn slispicious-looking objects 
out of the nest ; and the cuckoo-strains that parasitize them, 
having been rigidly selected for egg-mimicry, lay blue eggs. 
The saime is true for buntings, even the^strange and unusual 
scribble-patterns of their eggs are copied by their cuckoo- 
parasites. The resemblance is protective so far as it con- 
cerns the eggs themselves. But it is aggressive from the 
point of view of the race ; the egg, once preserved from 
expulsion, produces the ugly little nestling which in the^ 
l^mmon cuckoo destroys all its foster-brothers, in other 
ppedes appropriates a share of their food. 

Finally, we cannot pass over two extraordinary cases which 
$how into what strange paths variation and selection may iea4 
an animal. Tiff palatable West African IXeibmera 
apms cocoon covered pver ]|itfa litde white ovals. Any 
entomologiat seeing this wonid say at once that these were the 
cocoons of Hymenopteran parasites, whidi, after devouring 
the inteHor of the just-mmfcnttt^ caterpinat, simwge to 
pupate on in&jgdnrior. These jfmsites* oocooo^ art very 
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tough and resistant, and are despised By most 
animals. The average bird appears to be as rei 
as the average entomologist, and so the Deilemera profits by 
its likeness to its deadliest enemy. 

Then there is the case of the alligatdr-bug, Latemaria 
lucifera^ one of the large insects of tropical America which 
are known as lantern-flies (Fulgoridae). From the front of 
its head there projects forward a huge hollow structured 
which has been turned into a mask adnurably representing 
a miniature alligator. The “ ejre and “ nostril ** are 
raised on knobs, as in a real alligator’s head ; they are 
painted on in black, and the eye has even a white patch 
simulating the reflection of light. Along the side is a dark 
line representing slighdy opened jaws, and from this tfaare 
stand out in relief the most convindn^y white and flashily 
teeth. At first blush the difficulties in the way of accounting 
for such a resemblance in terms of natural selection, or indeed 
cm any rational basis at all, seem insuperable. The resem- 
blance is not to a whole alligator, but cmly to its bead, and 
to the head of an imnaturally diminutive alligator ; and eye^M 
if the resemblance be use&l now, .what advantage cculo 
have been secured 4>y the early and incomplete 'stages in 
its evolution? 

•-This Ihst question is not nearly such a hard nut to crack 
as. it seems, f8r all lantern-flies have an enormous hollow 
'expansion in front of their head. We do not know, in die 
‘ least what function the expansion may have, but there it is ; 
and in some forms it has roughly the gen^ shape of 
imitation alligator-head in Latemaria. It needs iitde change^ 
to convey t& projecticm into a rou^ animal made, 

4faat he ^ advantage, then die final toudies^can be ewl|r 
added law. As to ^vantage, diat too is not so dtffa t i t 
A bird or a Iitde monkey picking' over the foUl^ snddeafy 
^mes on an object which looks like a gdnntiigj' imiiliaA 
head Is it likely to go on Widi its exidondon and Up 
and trv? 
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less perfect animal masks, and masks which resemble not a 
particular creature, but serve dieir purpose by appearing 
simply vertebrate and ferocious. The effect here is based 
not on spedfic resemblance, but on general association. 
This particular form of bluff we may call associative mimicry 
or terrifying coloration. It is found in many insects, 
notably in their larval stages. A number of large cater- 
pillars have prominent eye-like markings on either side of 
their body; when frightened, they drw in their head, 
puff out the eyed segments, and so provioe themselves with 
a sufficiendy vertebrate and alarming appearance to scare off 
some at least of their enemies. The caterpillar of the 
common puss-moth adopts a more curious method. It, 
too, puffs out its fore region, showing a prominent pattern ; 
at die same time it erects its forked “ tail and from each 
fork protrudes a red and wriggling filament. In this guise 
it has startled many a juvenile collector, and doubtless 
many a bird. This particular appearance is not wholly 
bluff, for the puss-moth larva secretes formic acid, which 
it ejects as a last resort. The lobster-moth caterpillar 
assumes an even more grotesque appearance when alarmed. 

There still remains, however, another type of mimicry 
to discuss. There are seven British species of wasp of the 
genus Vespa, and every one of them is banded with black 
and either yellow pr orange-yellow. Black and yellow 
recurs as a warning colour in many other wasps, in several 
bumble-bees, in cinnabar caterpillars, in the fire-salamander. 
What is the reason foB this recurrence of one coloration ? 
Pardy no doubt that it is a conspicuous one ; it is not for 
nothing that the Automobile Association have chosen 
yellow for their motoring signs, and that yellow signals are 
beginning to oust the old red and green on some railways. 
But might there not be advantages also for a species to 
be hall-marked dangerous with a widespread and therefore 
already widely known pattern? The possibility is con-- 
verted into a certainty by what we rind among butterflies. 
Here warning patterns of a coin|(l|]pty yAoA rules out the 
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Fig. ai.— T he Fitting op Mimic to Modiu 


Left, the model, a distasteful Afhcan butteifly, Amauni niaviut. Above 
IS the sub-speaes found on the West Coast and across to Uganda, fielow^ 
that on the East Coast, whidi has much more white on its wmga. The 
two m the middle ate mtennediate forms from the transition zone in eastern 
Uganda and western Kenya. Right, die momc^ a Swallowtail 
PaptJha dardantu from above down, female and male of West Comt 
sub-species; male and female of East Coast sub-qieaes. Hie ma les 
not mumcs, and. although they become blac k e r On the East^ the fan zi e a 
hiwim f whiter, uke their *"^**M*- 

{Gowgr tf Pnf. Padm and tha Hapt Dtfarutwu of Zoology, 
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possibility of chance coincidence are often shared by a 
number of distasteful species. The species may bdon^ to 
different genera or to different families, whose patterns are 
characteristically quite unlike, so that th^ir ancestry would 
be expected to make them differ, not to ndbemble ea^ other. 

Bates had been the first to put forward reasoned theory 
of our first type of mimicry — ^mimicry by bluff; but he 
was puzzled by this likeness, often very close, between 



Fio. 23. — ^Protbction by Bluff, 

Left, the Puss-mofti c&terpiUar In normal attitude (abovB) and in dm 
terrifymg pose it adopts when alanned. Its ftont view siB^tea a fitoe 
and from iu tail pcomide red, waving filamenta. Rig^ dm Lobstmnoi^ 
caterpillar in normal attitude (above) and temfying attitude (below). 

many distasteful species. It was reserved for Fritz Mifller^ 
following in Bates’ footsteps in South America, to {Kriilt 
out its mtoiing. The efficacy of warning colour m an 
insect depqids upon the education of insectivorous anhnalsf 
and to accompBA this education a certain tminber of 
viduab must he sacrificed each year for the fjpod cf tbeteH^ 
If a"' number of specks adopt a smg^ haB^madlL tliji 
ectSkd stumber of victims wffi be no gre^ 
wfil hi over all die species insieadl of filing cn#i 
on theriiouickia td* one* 

i9i 
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The two types of mimicry are distinguished by the names 
of their discoverers. Mimicry by bluff is called Batesian, 
mimicry by pooling of warning colours is styled Mullerian. 
As Poulton writes ; A Batesian mimic may be compared 
to an unscrupulou| tradesman who copies the advertisement 
of a successAiI firm; Mullerian mimicry to a combination 
between firms to adopt a common advertisement and save 
expense.” 





CHAPTER V 

THE SCffiNCE OF ECOLOGY 


§ I. Ecology is Biological Economics. 

§ 2. The Chemical Wheel of Life. 

§ 3. The Parallelism and Variety of Life-communities. 

§ 4. The Growth and Development of Life-communities. 

§ 5. The Grading of Life-communities. 

§ 6. Food-chains and Parasite-chains. 

§ 7. Storms of Breeding and Death. 

u 

Ecology is Biological Economies 

W £ come now to a fresh way of regarding life, by 
considering the balances and mutual pressure* 
of species living in the same habitat. We 
have studied the forms of life, we have traced what we have ' 
called, perhaps rather clumsily, " biological invention,” and . 
the evoludon of existing forms, and we have consideied 
the adaptation of these forms to the exigencies of diis or 
that habitat. In every habitat we find tfcat there is a sort 
of community or society of organisms not only preying 
upon but depending upon each other, and that a certain 
balance thou^ oftm a violently swaying b a l a n ce, is mainp 
tained between the various species so that the communiQr 
ke^ on. In this new chapter we are going to stucty dm 
swayii^ balance. 

The pai-ricular name given to diis subject of vied balances 
and mterdbanges is called Ecology. Eodogy is a wm 
Corned by Haedtd, the odrAtated Getmao bkdog^ hi 
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1878 ; its r6ot is the Credi ohto^y a house^ which is also 
the root of the kindred older word economics. Economics 
is used only for human zfbits ; ecology is really an exten- 
sion of economics to the whole world of life. Man is 
always beginning his investigations too close to himself and 
finding later that he must extend his basis of inquiry. The 
science of economics — at first it was called Politicsd Economy 
— is a whole century older than ecology. It was and is 
the sdenoe of social subsistence, of ne^ hnd their satis- 
facdons, of work and wealth. It tries tb elucidate the 
relations of producer, dealer and consumer in the human 
community, and show how the whole system carries on. 
Ecology broadens out this inquiry into a general study of 
the give and take, the effort, accumulation and consumption 
in every province of life. Economics, therefore, is merely 
Human Ecology, it is the narrow and special study of one 
aspect of the ecology of the very extraordinary community 
in which we live. It might have been a better and brighter 
science if it had begun bi< 4 ogically. Here, we hope to show 
that ecology lays the foundations for a mc^em, a biolc^cal 
and an entertaining treatment of what was once very pro- 
perly known as the ** dismal science ” of economics. 


§2 

TAe Chemical Wheel of Life 

Everywhere, except in phases of extreme geografdiical 
and meteorological change, the world presents in every 
habitat this swaying balance of diverse spedes, and every- 
where we find that these communities whk^ prey 
llepend one another present many resemblances m 
panmm It i$ not altqgeihemhaidM to comMp ail these 
various conwtanities, esch^on^ to a sort of supSb-organism, 
and mpractioe much of the iknight and wmh 
involves that idea* 

We‘ have alteady made It maitifi^ tfaht mcotipt Ibr das 
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green plants (and possibly certain bacteria) no living thiqg 
can live upon any food except the substance of other once^ 
living things. The leafy green plant on the earth* *e 
smaller green plants in the plankton of salt- and hesh-water^ 
are the primary sources of all living substance, Evety 
biological community exists on that as its basis. And as 
we have explained, the chlorophyll does its work by utilizing 
the eneigy of the sun. If animals and fungi are food- 
parasites upon green plants, green plants are energy-parasites 
upon the sun. The whole of life upon eai^ depends 
entirely upon solar eneigy. ‘ The sun's energy is the physical^ 
source of all life. 

The great bulk of living substance is composed of carbon* 
hydrogen, oxygen and nitrogen. But a number of other 
elements, though present only in traces, are equally essentiaL 
Theie must sodium, potassium, calcium, magnesium* 
iron, phosphorus, sulphur, chlorine, iodine, and perhaps 
silicon, copper and zinc. 

life's carbon is derived almost ~ exclusively from carbon 
dioxide, which is present in the air to the average amount 
of 0*03 per cent, and is held in solution in all waters, but hi 
very varying proportions. 

Nitrogen enters green plants in the form of nitrates dis* 
solved in the soil water or in the water in whidi they float. 
All the other substances whidi plants need for construction-^ 
phosphorus, sulphur, caldum, magnesium and the rest— are 
brought to them dissolved in water in the shape of inorganic 
salts. 

Hydrqgen enters the green plant in the fbng of water 
which 2 s\utilized with carbon dioxide in die manufiictim of 
sugar* ^ we have described earlier* the oxygen of tile 
mAok dkmde is split off and returned in dmeatil tom 
to die air or water round the green parts of the phut* 

$0 rW* hr as the bufl^g up of carbon htootgao k ^ 
oubMoce goes* oxygen is a waste-^product* Am 

In the water absorbed by die fimt I0 ccnjofc |j| 
If needed for die construction of si#nf mA pmi; 
rtf 
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carbohydrates and of proteins. But, of course, it is necessary 
to take in oxygen at another part of the cycle to sustain 
the slow fire of living oxidations that generates the energy 
required for the business of living. The oxygen to feed 
this slow flame is obtained by green plants in elemental 
form, either direct from the air or dissolved in water. The 
atmosphere serves the oxygen needs of the great bulk of 
animals and of non-green plants ; there are, however, a few 
parasitic animals and a fair number of ^acteria and fungi 
which manage to extract the oxygen needed for their eiiergy- 
production from the organic substances on which they feed. 

The green plant having effected this synthesis of organic 
carbon and nitrogen compounds, of which it alone is 
capable, the rest of life steps in to seize its share of the spoils. 

Plant-carbohydrates and plant-proteins are the only 
vehicles by which carbon and nitrogen can enter the animal 
kingdom. They must be taken to pieces by the enz3anes 
of the herbivore’s gut before they can pass through into the 
real interior of its body, but the pieces must not (save in 
some protozoa) be of sunpler chemical nature than sugars 
and amino-acids. Carbon or nitrogen presented to ’ an 
animal in any simpler form is as useless as a pile of bank- 
notes to a man on a desert island. 

Once the carbon and nitrogen have entered upon their 
animal career, they can continue to circulate in the animal 
kingdom as carnivore preys on herbivore and one carnivore 
on another. In the process, however, the complexity of 
the carbon and nitrogen-carrying compounds never falls 
below the^ level of simple sugars and amino-adds. 

The lumding on of these organic substances does not go 
on indefinitely. Some animals have no natural devourers ; 
others escape devouring or die from disease or old ag&' 
Not all plitas axe devoured^,, The dead substance whidx 
would otherwise remain a locked-up accumulation of com^ 
plex compounds, of no further use to Ufi:, undergoes dis« 
solution. Som^ part of it undergoes purely chemical 
degeneration, some part of it is simply orcidiaed; but the 
• ' tSfiil 
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greater portion is broken up by decay — ^that is to say, by 
the action of special bacteria. Decay is a living process} 
it is part of the cycle of life ; it is not a mere inorganic 
dismantling. A great variety of bacteria are concerned 
in it, each species playing its own part in the decompositiocu 

If decay, helped by the natural oxidations due to the 
oxygen in the air, proceeds to its limit, the carbon that once 
was life’s reappears in the form of carbon dioxide, its 
nitrogen enters air or water as ammonia, and the other 
elements for the most part become converted into water 
and salts. In poorly aerated situations, however, the carbon^ 
may be given off as the marsh gas or methane (CH4) that 
we see bubbling up from the bottom of stagnant waters, 
and the sulphur as hydrogen sulphide (H|S) with its familiar 
stench of rotten eggs. 

The materials in this course of decay may be utilized 
by sdil other organisnls before reaching the final stage, and 
tjiey may be once more directed upwards to greater com- 
plexity. Most moulds and fungi do this ; they are in effect 
parasitic upon decay. Though they vary considerably 
among themselves as to the details of dieir nutrition, certatn 
general features ^re always present. They cannot tap light- 
energy to win the carbon from carbon dioxide ; and dley 
find it inconvenient or unnecessary to utilize simple inorganic 
salts as source of nitrogen. But though food on the low 
chemical levels from which it can be hauled up into life 
by green plants is unavailable for them, they do not require 
it in such a complex form as is necessary for animal assimila- 
tion. They do not insist on sugars and ammo-adds; 
they can utilize lower grades of chemical complexity. 

Some frmgi may fidl a prey to animals and so lift the 
disiniegraiing compounds ba^ to the full animal levd^ 
but in spite of this occasional upward return wliidi 
render possible, the vast bulk of living materiah do UT 
last deteriorate back to the extremity of decay. Tte ^ 

drde and is once more avail^le in ca tl i dh ^ 
dioxide for the syndietic activities of green phnttk film 
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ammonia or ammonium compounds, in which form the 
nitrogen mostly returns to the air (and also the far less 
abundandy generated sulphur compotmd hydrogen sulphide), 
form the basis for new activities on the part of bacteria. 
A series of bacterial species attack this ammonia, and through 
thdr vital processes convert its nitrogen into the form of 
nitrates, which again are available for the nutrition of green 
plants. Once more these elements enter i|pon an upward 
phase in the wheel of life. 

The r61e of the bacteria is absolutely essential in this 
cycle. Without the agency of a horde of microbes belong- 
ing to a great number of kinds, and each restricted to one 
chemical job, to one step only of the whole transformation, 
there would be an unbridged gap in the vital circulation. 
Doubdess, given time enough, inorganic oxidation would 
decompose proteins and carbohydrates, just as it succeeds 
in rusdng iron ; but the turnover would be so slowed down 
that only a negligible fracdon of existing life would 
able to carry on, and there would be a much greater leakage 
of nutrient elements into wholly unavailable forms. 

Thus life depends for its primal supply upon green 
plants, and for its sustained supply upon bacteria. The 
whole of life considered chemi<^y is one cyclic process 
from green plant to bacteria and so again to green planL 

The cycle does not run smoothly. It runs with various 
leakages and blocks, whereby some of the food elements 
are dumged into forms useless to the great majority of living 
things, or deposited in the solid state and so tal^ out of 
the raudi of all life until inorganic solution or oxidation 
faaa made diem again available. 

Shortage of available nitrogen is a chronic state in life’s 
aSdrii, kud the formation mm organic oompounxk of 
luttogen gas, til|^tiically inert and so unatvailaUe 
to,abnostaiBitn 9 Siisms,<^nstitutmaseri^ Sueha 

leakage is becurrit^ all f ii neT Whate v er iientBkient 
is present, Of die bi^teria whish hormafly 

ocmaert ammonia intp jcan reveme linmt notiVides 
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and use nitrates as a source of oxygen, restoring the nitrogen 
into the air as a useless by-product If this leak were to 
continue indefinitely, the wastage of available nitrogen 
could not be made good, and life would gradually perish 
of nitrogen want, though m the midst of an unavailable 
plenty of nitrogen. 

However, the wastage due to such denitrifying bacteria 
is made good by means of yet another class of bacteria, 
the nitrogen-fixers, who are aided by the mycorrhiza iiingi 
which we have already discussed in Chapter IV, 5 i* By 
chemical means at present unknown, these plants can seizes 
hold of the nitrogen of the air and transform it into vitally- 
available compounds — ^a feat imitated by man in recent 
years, but only with the expenditure of great quantities 
of energy, derived from water-power or other energy- 
sources. The nitrogen-fixing bacteria live for the most 
part in an association of mutual benefit with the members 
of the leguminous order of plants, the pea tribe. It is a 
symbiosis of great practical significance. The more le^ 
minous plants, like beans, peas, lupins, clover and alfal&, 
that man cultivates, the more nitrogen will he divert from 
the air back into vital circulation. 

There are other types of leakage or block in the rotating 
wheel of life. Through a lack of sufficient oxygen during 
decay, carbon may be locked up in its elemental form, 
unavailable to green plants. Many cubic miles of carboit 
have been thus solidified in tiie form of peat, lignite and 
coal, and much of this food-capital has been locked 
out of circulation, for hundreds of millions of years. It is 
not yet certain how the mineral oib which give man pecrdd 
and oil arose; but whether their qri^^ is from 

plants, or, as Js possibl^ from marine lifr, Aty coiipt|^ 
tute a tocked-up store of carbon that was ooce in cir ct dali c % 
7He lire-piaoe, the factory, and the moiofHK ate dokigl Im 
diQrimi to restore tiiis dq]^ted carbon to a stam Of gMMMM 

^ ^ depodted wdwdy 

IS, 



THE DRAMA OF LIFE 


with the important metal calcium. Considering that all 
dialk or limestone is entirely or almost entirely derived 
from the skeletons of living things; that an unknown 
depth of calcareous deposits, in the shape of Globigerina 
ooze, covers nearly thirty per cent of the whole sea bottom, 
and that corals are steadily imprisoning tons of calcium in 
coral reefs every day, we might anticipate a general calcium 
shortage. The element is, however, so abundant that only 
in certain restricted areas of the land is cildum-shortage of 
serious import to life. 

Guano, a deposit consisting of the excrement of bats and 
birds, is another example of locked-up material. Most ex- 
crement serves to enrich the soil on which it falls, but in the 
caves and rainless islands where gujuio is found die manure 
has been unused and has merely accumulated. Here again 
man comes to the rescue, and, by using guano as a ferdlizer, 
restores its nitrogen and phosphates to the soil. 

All these diversions of material into idleness are directly 
effected by or through life. In addition, purely inorganic 
processes may abstract quantities of this or that element 
from the rotation. Evaporation is the most potent of these 
agencies; evaporation has imprisoned many million tons 
of salts in the sterility of salt deserts and rock salt. The 
high prices given for fertilizers containing magnesium and 
potassium, sulphates and phosphates, indicate hoV serious 
to men such diversions of vital material from the wheel of 
life may be. 

With such digressions and losses, with fluctuations and 
uncertainties, the wheel of life turns on. The driving 
force of the wheel is solar eneigy. By virtue of that eneigy, 
and of that energy alone, the elements are drawn into die 
wheel, pass from lower to hi^er complexities of com*' 
hination, p^s from green plant to animal, from one ammal 
to another, live, die, live and die zgm and again ; some 
fall by the wayside as waste masses of substance,, some stay' 
unut^zed for millioits of years, others axe csu^t by a 
fringus or a bacterium arid turnd back to the levria 
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again ; so sooner or later they return to the state of single 
and stable combination at which they began, to be caught 
up once more by the sunshine and the chlorophyll and 
once more sent round the cycle. 


S3 


The Parallelism and Variety of Life-communities 


This fundamental Wheel of Life turns m a multitude of 
places and under a vast variety of conditions, and each one 
gives ns a diflFerent sort ofiT life-community. The Wheel 
of Life is indeed rather like the work of some extremely 
popular playwright wh;i has only one leading idea in his 
head, which he repeats again and again with no great 
originality or invention. The scenery varies — ^it is not his 
work — the costumes and the names change, new fashions 
soak into him, the cast of the actors is different and now 
one personality dominates and now another, there is a lack 
or a superfluity of supers for the minor parts, or some per- 
forming anim^ or o^er novelty has to be worked in, bat 
beneath these changes we detect the same old plot and 
very much the same r61es. 

We will consider now something of the variety and of 
the fundamental similarity of the life-communities thus 
evoked. They are, so to speak, organizations of species of 
organism. Life-communities develop and evolve as whoks* 
They might be called super-units of life. Always in a 
life-oommunity there will be green plants as pr^uoets, 
herbivore animals (and parasitic plants) as e9q[)loiters of 
green plants, and decay-bacteria exploiting b<^ and bied&» 
ii^ down the substance of their dead IxxUes* WidMit 
the greenery, production would cease and the wfacde ootn* 
mtmiQr come to an end. Without the decay-produc&lg 
bacteria the return of plant-food substances woidd be so 
nmck slbwed down that the whole drama woeU mgam 
tbtotil^ the larzest of material in corpses. 

ipi 



THE J>RAMA OF LIFE 


Animals as well as bacteria speed up the circulation^ for 
the urea and carbon dioxide into which they event^y 
turn the plant-food they eat are much more readily and 
quickly available for plants dian the mere dead leaves and 
stems, full of wood and cellulose, that would be the main 
end of green plant substance if there were no animals to 
eat it. And even as corpses, animals are more speedily 
brought back into availability by decay than jue the remains 
of dead plants. So, while green planti- could exist by 
themselves as an independoit life-community, carrying out 
a quite independent drama of transformations, yet animals 
are of die greatest importance as accelerators to such a 
cycle. They actually benefit the species of green plants 
whose individual bodies they devQur alive or break down 
when dead, for without them the rate of growth of green 
plants would be enormously slowed down, and both their 
abimdance and their variety would be infinitely less. 

The life-community on land differs widely and necessarily 
from the more primitive Gfe-communities of the sea. It 
has been said that all flesh is grass and all fish is diatom,** 
and while the life-community of the waters has its micro- 
scopic food-basis nearer the simlight and carries out its 
interchanges in three dimensions, the life-communities of 
the land arise upon the soil and vary much more widely 
because of the diversity of rock and exposure upon which 
they live and have their being. 

Among the green plants of every land-community thm 
^ usually one or a few dominant species mudi more 
abundant or conspicuous than all the rest — the oaks in an 
oidc-wood, the grass in a fidd, die heather on a moor, dam 
mctt teeei in a tropical forest^ die bulrushes in a siaamp. 
,ii|t bcdi^ these, tfaete ate always plenty of odier lesa^ 
abundant Idtida which Gtti rdlms for diemsdves among |he 
margin oppcuiunity wiiA die dominam form mm 
over. Eadh thn$ conqacjsm .Wtigetable 

hieiaxdiy. 

tUa 4^:1 dmtdmre mnsydaaqfa be a 



THE SCIENCE OF ECOLOGY 

type or types in any life-community comes about dirou^ 
the dependence of plants upon light and moisture. The 
kind of plant which, in the local conditions of moisture, 
can win in the struggle for light will in the long run Idll 
out its main rivals or prevent them from reproducing and 
so rule the community. The climate may permit of forests ; 
then the dominants will be trees. Or a dry soil may support 
nothing more than a steppe or a prairie ; then the dominants 
will be grasses. In all cases the dominant is the kind of 
plant which can succeed in getting the biggest share of the 
light-energy streaming down upon the area. 

Light being the main necessity of plants, the dominant 
plant of a community is the tallest member, which can 
spread its green energy-trap above the heads of the others. 
WhaLt marginal exploitation there is to be done is an exploita- 
tion of the dimmer light below this canopy. So it cOmes 
about in every life-community on land, in the cornfield just m 
in the forest, thatthere are layers of vegetation, each adapted to 
exist in a lesser intensity of light than &e one above. Usually 
there are but two or three such layers ; in an oak-wood tit 
example diere will be a layer of moss, above this herbs or 
low bushes, and then not^g more to the leafy roof; Ifi 
the wheat-field the dominating form is the wheat, with 
lower weeds among its stalks. But in tropical forests the 
whole space from floor to roof may be zoned and populated^ 

The plants of a life-community in dieir quest for 
may become difFerentiated in time as well as space* In 
the lower layers of most woods, for instance, tnete ate i 
few sha^e-loving plants that can grow and flower evsii in 
die leafy^summer when nine-tenths of the lig^t or mors kl 
being ins^oq>ted by the crowns of the trees. But if 
earlybird catches the worm, die early |riantca4idM dm SM 
Afcoedang^y, amother and die more nmnerdus seedoti 
laym the woodland-community is made of 
mkrl growdi, wlddi shoot up into acahrity to oidilftf 
eady^stm^dne of the year betore the ^pees haw ittv 
|p9i^dieh!^M^ Tlmpihiww#«ddwi^ 
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anemones and bluebells of English woods, the hepatica and 
the blood-roots and the spring beauty of the woods of 
America, all flower while there is still light in the lower 
storeys of the forest. Most of them are active for about 
three months of the year, and sleep away the rest^ 

In prairies and sdll more in deserts this seasonal specializa- 
tion is very strongly in evidence, but it is concerned with 
water rather than light, of which latter necessity there is here 
more than enough for all. The studiA* of the Desert 
Laboratory at Tucson have shown how the desert plants 
divide up the year’s rainfall of the Arizona desert. The 
first warmth of the year, combined with the slight winter 
rainfall, brings up a crop of small annuals, not markedly 
different from the small annuals of less extreme climates. 
They shoot up in January, flower in February, fruit in March 
or April, dry up and live through the rest of the year as 
seeds. And there is also a crop of perennials which have 
the same short period of active life, and survive the rest of 
the year as bulbs or leafless stems or underground root 
stod^. But as April passes, the temperature becomes very 
high and the rainfall declines. The tender vegetation dries 
up. This is the season of the plants we are accustomed 
to think of as most typical of deserts — the cactuses, the 
agaves, the yuccas. They can accumulate stores of water 
in their stems or leaves, and live and flower and fruit through 
the drought at the expense of these stores. They hold ^e 
stage until June is over. Then comes the main rainy season, 
with even higher temperatures, and the whole landscape 
changes marvellously. Millions upon millions of seedlings 
spring up and make the desert fertile. Speed is the keynote 
of their existence, for they must finish flowering and fwting 
before, in less than three months’ time, the next season of 
drought falls upon the land. And during this second 
drought, from late September on to the end of the year, 
with no rain and with increasitig cold, the plant4ife of the ' 
desert is almost at a stands^ 

In the sea Otiier seaspmd ^KXom oonie in. The researches 
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of Atkins have shown that the reason for the sudden drop 
in the abundance of surface life during the summer months 
is that the diatoms and other basic food-producers of the 
sea have exhausted the available phosphates in die surface 
waters. Not until after the winter, when cooled surface 
water sinks and phosphate-rich water rises from the un- 
exhausted depths to take its place, can the full stream of life’s 
abundance flow again. 

When we pass from the fundamental vegetable hierarchy 
of a life-community to its animals we find a much greater 
amount of specialization and variety. We find not merely, 
the herbivores that eat the plants, but the carnivores that 
eat the herbivores ; we find parasites, a special and intimate 
sort of herbivore or carnivore, and we encounter scavengers 
which live upon the decaying remains of creatures of any 
possible grade in the scale. The scavengers of animal 
remains play a very different part from the scavengers of 
plant remains. The former (such as jackal or blow-fly 
grub, or the dung-beetle, though his actud food be vegetable 
remains extracted from the dung) are hangers-on of the 
purely animal part of the organization ; they are exploiters 
of exploiters. But the scavengers of plant remains (such 
as the worms that eat dead leaves or Ae termites that eat 
dead wood) must be grouped together with parasitic plants 
like mistletoe and many fungi, and the few animal parasites* 
of green plants, with the herbivores. They are all to be 
classed among primary exploiters of green plant activity, 
middlemen between green plants and other animak. 

Of thiese intermediaries, every community will have a 
few basic kinds which are the foundation for most of the 
rest of the commimity’s animal life. From the point of 
view of biological economics, they are the animal counter* 
parts of the dominants among the plants ; but they diffisr 
in being often (thoi^ by no means always) miH and 
inconspicuous, tiieir importance unrealized by the caturf 
natunuist. The tiny copepods of die s^ die aap-siitidlig 
nlant-ticse. die earthworms of die soi4 carry ’‘incite 

*95 
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dedsive rdles, determining as they do the character of all 
the higher forms that prey upon them, quite as much as 
do su^ &miliar herbivores as rabbits, sheep or deer. 

The carnivores are usually organized in what are called 
food-chains, each link of the ch^ serving as food for the 
next. If we eat sheep, we eat plants at one remoVe ; if we 
eat snipe or woodcock, we are eating them at two removes, 
with worms and such small creatures making another link 
in the chain. Parasites, too, may be 0 |gabized in chains, 
parasite upon parasite, “ little flea ” upon ** big flea.” 

Again, each of the main groups of exploiters, herbivores, 
carnivores and the rest, can be subdivided into well-marked 
minor rdles, which will be found, played by one actor here 
and another actor there, in all well-developed life-communi- 
ties. There is, for instance, the r61e, whose importance in 
biological economics is not very commonly suspected, 
filled by the suckers of plant juices. This rdle is almost 
always undertaken by insects, almost all of them small 
insects — plant-lice, coccids, plant-bugs and the like — ^but 
the sum total of dieir pumpings is enormous, and converts 
a vast bulk of plant substance mto a condensed animal form 
which then becomes available to carnivorous insects like 
ladybirds, and so passes, directly or indirectly, to bigger 
animals such as birds and mammals. All these %igher 
forms are obviously conditioned by these juice-suckers. 

Among the camiyores, there are camivoroi^ insect^ 
eaters, some of them insects themselves, with spiders, too, 
and firogs, rqitiles, birds and mammals. These insect- 
eaters foil into many sub-groups. There are die hawkoA 
of flyfaig insect prey, such as dragon-flies^ swalkm> swifos, 
idghtjars and some hawks, the ant and term|^ apedalisii 
amHthnish and iitdcer, ant-eater and am^ear, die 
devMeeia of ^^ood-bodng iispes^ sudi as die woodpedceii 
ittid odier birds, the pmscMS of parasites Ifoe tte tick* 
bkds, and aq fordu And then in a ipade idiow die insed^ 


jsdea atf qofic^dCMd by are die ea w dy orea 



THE SCIENCE OF ECOLOGY 


go for bigger prey, the hawks and owls, stoats and cats, 
wolves and boa-constrictors. 

Among the scavengers there are the eaters of dead and 
decaying plant remains, like earthworms; the hangers-on 
of bigger carnivores, like the proverbial jackals widi the 
lion ; the undertakers of small corpses, like the burying^ 
beedes; the funeral specialists of larger creatures, like 
vultures and marabou storks ; and the devourers of dung, 
like the sacred scarab. 


This life-drama, we have seen, is stereotyped in plot and 
construction, with the same main r 61 es to fill wherever it is 
played. But the cast varies. A r 61 e is played here by one 
kind of organism, there by another. It is interesting to note 
a few examples of how the actors fit themselves to their 
parts, how the same niche is filled in slighdy difierent ways. 

What we may call the earthworm rdle, the soil-mak^ 
role, is filled in arctic regions like Spitsbergen by hordes 
of ^e tiny insects called Collembola or spring^tails ; in 
tropical forests it is pardy filled by termites. On various 
<ordl islands it is filled by land-crabs ; the most important 
source of humus there is rotting coco-nut husks, and these 
the land-crabs burrow into and consume, much ^as earth-* 
worms burrow into soil and consume the most important 
source^ of humus in temperate countries, decajdng leaves. 

Wherever there is abundance of sdentary and edibfts 


food, whether it be plant or animal, there is S rdle to be 
filled by browsers. Sea-slugs and sea-snails browse on sea- 
weeds, and many coral-reef fish browse on coral, just as hud- 
animals rabbits and sheep and deef browse on grass 
and bushes* Carnivores often take to supfdemeoiary diets 
and tb spavenging. In Africa, the spotted hyena Keep 
boge^ od the remains of lions’ kills ; in the nordL 
Ae arctic fox is Jtqit alive in the winter by dbe l ere a tn i id 
aelh killed by po}ar bears. The resenAhnoe go^ 
abf she arctic fox suppletiients Us diet wi A bObMoAf l||pi| 
,Aei%aia wiA the eggs of ostriAes. ' ^ 

IfW fKifsuSt of eatthwortns in Ae aoS is gniImM 
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Europe and North America by the common moles; in 
Aj&ica by the quite separate family of golden moles, and in 
Australia by the pouched moles — ^marsupials, not placentals 
at all ; and there are some rodents which have t^en to a 
not dissimilar life. 

These examples show how the plan of very different 
communities tends to repeat itself even in the details of its 
arrangement Manifestly a life-community is an organiza- 
tion, with a definite unity, an individualjly of its own for 
the exploitadon of natural resources. 

Different kinds of plants and animals do not occur to- 
gether haphazard; they are sifted out, selected, mutually 
adapted until a working organization results. Thus the 
life-community, if not an organism, is an organization of 
species which fill definite rdles, just as the body is an organiza- 
tion of parts and orgcTns each with its speaal function. 
Certain kinds of species must be there for the life-com- 
munity to live, just as certain kinds of organ must be there 
for the body to live. The life-community must have first 
its manufacturing side, the green plants; the different 
members of this department will be specialized to utilize 
light, air and moisture to the fullest extent, the dominant 
kinds doing most of the work, but the others subsisting 
either upon the surplus of raw materials left over fcy the 
dominants, or getting their chance during parts of the year 
when the dominants are inactive. Then when the raw 
material has been lifted to the organic level, a new series 
of forms, the animals and parasitic plants, play their part. 
Though animals do none of the primary production and 
are not self-supporting, yet in them life attains its most 
varied forms and its greatest intensity. They are ananged 
^ in successive grades. There are first the more basic grades^ 
wfakh attadc plants or ifaeif « remains directly. These in 
their turn give sustenance to others — carnivores, parasites 
and die scavengers of animal corpses — ^whidi sacfate out in- 
linked chains m>ni the baric {tot-consumeia. AQ dime 
must be present in sufficient quantity and vigour if the lifb^ 
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community as a whole is to carry on its rhythms without 
catastrophic change. 


§4 


The Growth and Development of Life-commutddes 

Whether by Nature’s agency or man’s, bare stretches of 
land, devoid of life, are sometimes produced in the middle 
of fertile regions. A forest fire leaves nothing but dead 
trunks and charred soil behind it ; on the shores of $ea^ 
and great lakes, the wind and the waves may pile up great 
ranges of barren sand-dunes; a landslip or a ro^-slide 
may strip a mountain-side of vegetation ; mining or drainage 
or reclamation projects may leave big patches of untenant^ 
soil. 

These stripped areas do not stay bare. Life invades 
them again, and the^ invasion is a regular and orderly af&ir« 
There is a progression of inhabitants, one set of animab 
and plants succeeding another in sequence, until finally a 
stable state is reached. In a state of nature, the animal 
and plant life of this stable phase is the same as the origtnal 
life on the area. The life-community has reproduced 
itself. 

This community-reproduction was seen on the grand 
scale after the great eruption of the volcano Krakatoa, in 
the East Indies, in 1883. In three terrific August da^ die 
island blew itself in half, and threw such vast quantities of 
fine dust (more than four cubic miles of it) into the air dttt 
it floatec^ round the world and for many mondis coloured 
European sunsets a richer red. On the island hsel^ Spd 
die tarn smaller neighbouring islands, Lang and Verhlei 4 
every vestige of life was ^troyed. The nearest JuimI 
which lifis could come was anodier pair of amah 
aboRit fifteen miles ofl^ but they themselves bad been 
,paiir tfevastated by Ac eruption. Java and S u m atiR l 
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Less than three years after the explosion, a Dutch botanist 
visited the island. The ashy soil, from sea-level to peak, 
had been covered with a gelatinous layer of blue-green 
algae mixed with diatoms and bacteria, in which a number 
of mosses and eleven kinds of ferns were growing, some of 
them abundantly. These had all been brought by the 
wind in the form of tiny spores. In addition, there had 
appeared a few species of flowering plants, some from wind- 
borne seeds, some from seed floated in shore by ocean 
currents. The ferns and the flowering plants were all 
growing as isolated scattered individuals, and there were 
no shrubs or trees. 

Ten years later, a second visit showed the flowering plants 
in the ascendant: fifty species of them had arrived. In 
various places the ferns and flowering plants had closed their 
ranks to cover the soiL Inland were stretches of a regular 
jungle of tall grasses ; and along the shore a characteristic 
community of straggling beach plants.^ Shrubs were scat- 
tered here and there, and a few rare trees had taken root. 
But there was no indication of anything that could be called 
forest. 

Finally, in 1906, twenty-three years after the eruption, a 
party headed by Professor Ernst visited the islands. They 
were now the home of a rich vegetation. All along the 
shores a strand-forest had grown up, with several kinds of 
figs, and abundant coco-nut-palms, many of them with ripe 
fruit ; and there were patches of a different kind of forest 
here and there in the ravines of the interior. Over ninety 
kinds of flowering plante and fifteen of ferns were discovered ; 
and not only were there abundant mosquitoes, ants, wdSjpSi 
birds and fruit-bats, but lizards had reached the islai^, 
including a three-foot monitor. 

In spite of its luxuriance, the plant-life had not yet 
d^doped into a series of typical communides, eadi with’ 
its own few dominant species. New species were sdU- 
arriving, and many kinds of plants to be found *00 neigh- 
bouring idands had not yet readhed Krakatoa^ 
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Ernst estimated that it would take another half-century 
before the full richness of tropical climax vegetation had 
reproduced itself on the island ; but considering tlie total 
annihilation of life, and the island’s isolation, the progress 
made in twenty years is remarkable enough. 

The lowest type of plants, wind-borne as minute germs, 
were needed to prepare the island soil, save round the level 
shores. This first primitive community paved the way for 
mosses and ferns. Each new addition helped to stabilize 
the soil and made it easier for higher plants to germinate ; 
and so herbs aitid grasses, shrubs, and finally trees, came in 
in their due order. It would be difficult to find a more 
striking example of long-range colonization and slow succes- 
sional development. 

After the grand, the litde. The same colonization, the 
same succession, will be seen in a half-pint of boiled hay 
infusion. First come bacteria, their ubiquitous spores 
settling into the liquid from the air. Then, once these have 
turned the organic matter of the hay into food fit for animals, 
there appear tiny infusorians like Paramecium, and finally 
predaceous protozoa that eat their vegetarian brothers as 
tigers eat deer. This succession has no permanency about 
it ; it is living on the food-substances put into the water 
by man, and all the teeming life comes to an end in starva- 
tion, death and decay, unless green plants (in the form of 
single-celled algae) manage to gain a foothold. This they 
am only do at a particular stage ; but if they succ^, thty 
pave the way for a new phase of development, with quite 
different sets of inhabitants, which finally leads up to a 
balanced,\ self-supporting community of microscopic plants 
and animals. 

Recolonizadon like that of Krakatoa is seen whenever a 
jungle clearing is left to itself, though here die reprodo^M 
is partial and regenerative, not comjrfetie, since by no means 
aH the normal life of the area is destroyed, and only die 
later stages of the community’s development have to he 
lefortned* lO some parts of thie trc^fMcs, me peojde cte a f unn 
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cultivate patdies of forest for a few years^ and then, when 
the soil’s fertility is exhausted, move on to new regions. 
In a brief space, the clearings are swallowed up again, 
silently and inexorably, by the primeval jungle. Air* 
photographs show various stages in the process. In one 
place, a few trees are invading the edges of the clearing like 
dots of mould on a piece of bread ; in another, a clearing 
is half devoured ; in yet another, it is coverdd entirely, but 
the forest has not yet assumed its noifaai character; the 
full typical rain-forest eventually resumes its sway as if 
man and his works had never been. 

The speed with which development of this sort proceeds, 
especially in its early stages, is truly remarkable. Let us 
take a recent example. Dunng the War, the sea was 
deliberately let in over large stretches of Belgian land near 
the River Yser (including some of the richest agricultural 
land in the country), in order to prevent the German 
advance. By the time peace came every land-plant had 
been killed off, and the sea-life had made great progj’ess in 
taking over the territory thus made available for it. But 
in 1918 the land was drained again, and the lost district 
restored to land-life. The wet soil began to dry; mean- 
while, salt-marsh plants colonized it and helped to loosen 
it with their roots and to fertilize it with their dead bodies. 
Only a year later most of it was covered with a rich crop 
of grasses, asters and other plants, and after three years 
only the ^eleton shells of bamades and mussels here and 
thm on fences and posts made it possible to believe 
the whole countryside had so recentiy been covered by the 
sea. 

The actual steps by which the normal world of life is 
xMStabltshed have hem carefully woriced out in a great 
maoy caae^ and we know now almost as mudi dbout die 
deta^ of ecolcq^kal suocnsskm as wt; do about the develop^ 
meat of individual plants or animals. Those who t^re 
interested in the sut^ect can pursue it in $u^ boqli;S as 
Tansh^s Tjpes of MrmA V^mdon or McDoii^’a Phm 
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Ecology^ We must confine ourselves to a few illuminating 
instances. 

Here and there on the shores of the Great Lakes of North 
•America, the accumulation of dry sand provides bare areas 
for life to colonize. How it does so has been carefully 
studied on the Indiana shores of Lake Michigan. Sand 
brought by the waves dries in the sun, and its surface layer 
is blown off by the wind. Great strips of white lifeless 
sand accumulate, and may be heaped up to form dunes, dry 
on the surface but moist below. Only a few exceptions 
plants can colonize such an area ; they must be able to do' 
with a miserably low allowance of the mineral ingredients 
needed for plant growth ; and they must be pereimials and 
able IP bind the sand with their roots so as to prevent the 
dune moving slowly along with the prevailing wind, and 
overwhelming its plant inhabitants in its march. The 
sand-grass Ammophila and the wormwood are among the 
few plants that can manage this. Sometimes the dune 
grows too fast and runs away from their control, and all 
the pioneers are overwhelmed. But they may k^p tfaeif 
home fixed : then other grasses and plwts like the wild 
rocket are able to come in and thrive now that the original 
deficiencies of the sand have been to some extent corrected 
by manuring with the decayed leaves and roots of the 
pioneers. After thein> bushes like junipers and sloes can 
get a footing. 

▲When dunes get out of hand, their movement gradually 
slows down as they get fiuther from the windswept lake 
shore, ai^ as soon as it drops below a certain speed they are 
“ captur^ ” and immobilizkl by plants, the capture U8ua% 
proceeding up from the base of the shdtered lee^slopes*^ 
The capture of dry dunes is effected by die same sand^geasi 
and wormwood "series of plants whidi we have just mdiH 
tiohed; but where diere are damp depressions in die sea 
of die pioneers are rush^ willows and 

woodsy 

KwitmAy, however, die.dry pans of dM 
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moister, and the wet depressions grow drier, as plants live 
and die in them ; the pioneer vegetation then gives place to 
another set of plants — Solomon’s seal, horsemint, golden- 
rod and other familiar flowering plants, with shrubs like 
dogwood and bearberry, and soon a few pine-trees. The 
soil is now rich enough for more exigent kinds of trees, 
often black oaks. New shrubs and herbs follow the trees ; 
the soil grows richer. Red oaks succeed the black oaks 
and, finally, when a thick layer of humu#-has beei/ formed 
over the dune, sugar-maple and beech gradually replace the 
oak, and persist indefinitely, unless man interferes. And, 
of course, each stage in plant-succession has its own animal 
inhabitants. 

When the first white men came to Indiana they foui^ this 
beech-maple forest in possession of the country wjierever^ 
conditions were favour^le. It was the fullest 'final expres- 
sion of vegetable life in the region. To-day we see this 
same life-community reproduce itself, in the space of a few 
score years, by the conquest of new-formed and barren land. 

In this story there are two or three points of special 
interest. The first and most fundamental is that each life- 
community is something which develops. What we have 
been talking about hitherto are for the most part only the 
final stages of development, called climax stages by ecologists, 
and corresponding closely enough with the adult phs^ of 
an individual’s life. But for a climax phase, such as a 
forest or a prairie, to come into being, it must have pass^ 
dirough a whole series of developmental stages. Ana 
just as in an individual, reproduction must be by simple 
structures like egg or spore or gemmule, whose development 
into the advh stage is through steps of increasing complica- 
tion, so tile pioneer group of organisms by which alone 
the lifit-oommunity can mp#Oduce itself is much simpler 
than tile dimax {diase. it contains many fewer spedes; 
ibey are never big like trees, and are of^ indeed, very 
sm^ ; and they make few demands upon Nature and so 
can get on in s^te of pooir soiLj 

a04 



THE SCIENCE OF ECOL6gY 

In the developing single organism, each phase is its own 
executioner, and itself brings a new phase into existence, 
as when the tadpole grows the th3n:oid gland which is 
destined to make the tadpole stage pass away in fevour of 
the miniature frog. And in the developing community of 
organisms, the same thing happens — each stage alters its 
own environment, for it changes and almost invariably 
enriches the soil in which it lives ; and thus it eventually 
brings itself to an end, by making it possible for new kinds 
^f plants with greater demands in the way of mineral salts 
or other riches of the soil to flourish there. Accordingly 
bigger and more exigent plants gradually supplant the early 
pioneers, until a flnal balance is reached, the ultimate possi- 
•bifit^for that climate. 

Another point is that, whether the sand was colonized 
when it was too dry or too wet for most plants, the eventual 
resiilt was die same — ^beecli and maple forest This is but 
an example of a general rule — that the general course of 
community-development makes dry environments moister, 
and moist environments drier. Even where development 
starts in the water, it is headed towards forest or whatever 
the normal climax of the region may be ; for water-plants 
are all the time choking up their watery homes. We have 
already given an account of the zones of vegetation thaU 
characterize a large pond — ^floating plants, often micro* 
scopic, in the centre; then wholly submerged plants like 
uond-weeds; then plants like water-lilies and water-crow- 
root, that send their leaves and flowers up to float on die 
sur&ce; then the plants that, as it were, merely wade or 
paddle with their feet in the water — bulrushes, arrowheads 
or pickerel weeds ; and often a marshy zone with s e d tt s 
and irises macing transition to the real dry land. The 
plants grow and die, their remains accu mu late, they help 
to silt up the pond. Thus, the water shattows, aiul die 
zones move in towards the centre. Pxesendy die central 
zone is crowded out altogether, then, in the course of a isiw 
yearS| or scores of years, die next, and so putt 
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interferes — until the whole pond has become dry land, at 
first wet, then drier, and eventually fit for trees to grow on. 

We have already seen that the most unpromising dunes 
of bare, dry sand are made progressively richer and wetter 
by the accumulation of humus, until ^ey too grow 
trees. The same is true even of bare rock. Lichens are 
here the pioneers — ^first the ones like thin crusts, and then, 
when these have disintegrated the surface a |ittle, the leafier 
ones, together with a few mosses. Thlfee, plants catch a 
litde dust and debris and so start die rudiments of a soil. 
Other mosses now come in, and a few grasses ; and flowering 
herbs soon follow. Each addition to the population acceler- 
ates the rock’s disintegration and helps in forming soil. 
Bigger herbs like golden-rod and shrubs like blackb^es 
can now invade the place, and eventually the coating of< 
humus is thidL enough for tree-seedlings to take root. 
And so a rich woodland takes the place of dry, bare rock- 
surface. 

The way in which quite different developments from wet 
and dry b^innings may converge to produce the same adult 
phase is well shown in some of the middle-western States, 
such as Indiana, where all vegetation is destroyed in the 
process of surface coal-mining. The mining operations 
convert the area into a series of ridges and furrows, the 
ridges anything up to thirty or even forty feet high ; and 
diese bare ** strip-lands ” are usually left to them^ves. 

• The bottom of the furrows are wet, and may contain stan<|- 
ing water ; the tops of the ridges are drier dian the neigh- 
bouring country. Although &e wet furrows be^n their 
development with bulrushes and water-plantain and codde** 
beur, dM riie dry ridges widi white melilot and aster^ sun* 
and ragweed, both will end up, often in the short 
qSHbe of twenty^ve woodl^ typical for die 

region, consisting maiidy df sycamore, dm and honey- 
locust 

’ Many other examples opdld b6 given; hilt dm 
fiiMinaln dm Same. lifiMcunmiinities devdoti^ thev dn*^ 
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velop from beginnings, and become progressively 

richer because each set of invaders paves the way for another, 
which grows more richly because it makes greater demands 
on the soil. And however they begin, they tend in any 
one region towards the same stable climax. 

This stable climax may not always be reached. It is 
the potential end which ihe climate of the region permits 
to its life-coAimunities. But other factors may step in and 
prevent the potentiality from being realized. Though a 
pond will silt up in a comparatively few years, a lake may 
take immeasurably longer. Steep slopes and unfavourable 
soils, too, will retard or prevent the appearance of the 
climax stage, as absence of iodine in water will prevent 
newt-tadpoles from turning into newts. Perhaps most 
important of all, animals in general and m^ in particular 
may prevent the normal climax from appearing. In a hiser 
section we shall see how rabbits may turn woodlands into 
clo^ie-cropped grass-heath. Darwin found that catde, by 
eatii^ down the seedlings, prevented the heather commons 
of Southern England from achieving what ought to be 
their last stage in development and becoming pinc-wood$* 
And it seems almost certain that the lovely dose turf of the 
English chalk downs is not Nature’s climax, but a substi* 
tute, induced by man’s dearings, and his sheep s cropping^ 
for the more natural final phase of beech-forest 

We have spoken mainly of plants in this section* 
is because animals usually follow the lead of plants. Plantt 
must be the pioneers in exploiting the environment j Mid 
the fina^ dimax generally takes its main character 
plants T^hich succeed in becoming dominant On© has 
only to think of the diflFerence between a,pine-w^ a 
prairie and a peat-bog. The anim^ of a a>mmuniiy W 
not; only dependent upon the plants for food, mt thw 
earistenoe is modified by the of jto 

It Js hardly too much to say that while the emetm ngWihi 

meii pf phmts is provided by inorganic natni^ 

cnritoiioient of animals is provided by plants* 
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An equatorial rain-forest owes its very existence to the 
intense light and heavy rain of the tropics. But the animals 
which live in its shelter receive very little light — less, indeed, 
than those of the arctic tundra ; and though the air is damp, 
there is often a shortage of liquid water. It carries a special 
climate within itself. Furthermore, the forest provides a 
special mechanical environment It encourages animals 
which can climb and swing from branch tp branch, while 
the prairie and the pampas encourage buri#wers and hoppers. 

In the sea, where the main stote of plant-life is floating 
and microscopic, and animals often fix^ and plant-like in 
their growth, this primary importance of trees and vege- 
tation does not hold ; in coral reefs, for instance, the main 
lines of development are based upon the succession of 
different kinds of corals, and the character of the whole 
community is given by the coral-climax, which provides 
effective environment not onl}^ for other animals, but for 
many seaweeds, large and small. 

The facts of succession help to make clear a point of some 
general interest. The biologist is often asked why primitive 
types survive alongside of those that are more advanced, 
why they did not also evolve. The answer is really clear 
enough. During the course of evolution the more advanced 
types came into being in a world prepared by the life that 
had gone before. But they still need that preparation. 
They can only be laige, strong, efficient, by making great 
demands upon their environment — ^the higher plants upon 
the soil, the higher animals direcdy or indirectly upon the 
higher plants. A tree cannot grow on bare rock, nor a 
subsist on blue-green algae. Many of the primitive 
forms of life survive by taking advantage of the less ffivour- 
able kinds of environment i^t are always being brought 
into existence* Their Own aibtivity paves the way for ilbax 
own sjopersession by M^er types; but meanwhile dieir 
ubiquitous spores and germs have colonized pdier poor 
environments. Life exists by e)q;>loiting its environmenL 
Compedticm forces a division < of labour upon it The 
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environment is most fully exploited when each nook and 
aspect is worked by its own particular kind of life. And 
so, besides creatures adapted to secure the riches of Nature 
m the most specialized and efficient ways, we should expect 
to find types which are adapted to her poverty — to barren 
and out-of-the-way environments like caves, to unconsidered 
nooks and crannies in rich environments, to times and 
seasons when the dominant plants are not at work, and to 
temporary opportunities^in the environment, such as those 
we have been describing, when the feeble can thrive but the 
powerful not yet. And on the whole the creatures adapted 
to these poor holes and corners of space and time are creatures 
of primitive type. 

Another fact of succession has some practical importance. 
In general, the natural vegetation of a region is the most 
luxuriant that it can support. There are exceptions wi 
oceanic islands, because Aey may never have received the 
best complement of plants. There are also exceptions due 
to the fact that Nature has hitherto not produced the most 
efficient kind of plant for the environment. The Lower 
Devonian lands had no forests because no trees had yet been 
evolved. This sort of thing may still happen. Of recent 
years, a remarkable grass has appeared which can grow on 
the fresh mud-fiats of estuaries and harbours and cover them 
with rich vegetation. Hitherto such mud-flats have remained 
bare. 

The grass in question is called the rice-grass, Spamna 
townseruUu It appears to be a natural hybrid between a 
native £|uropean spedes and one brought acddlentally to 
Europe ftom America about a hundred years ago. However 
produced, it spread, slowly but steadily, from bay to bay 
and estuary to estuary, converting mud into meadow. The 
botanically remarkable feet about it is that it takes the ground 
k covers to an ecolo^cally higher stage of development* 
As Professor F. W. Oliver says : ** These bot tond ess 
though diey stood empty of vegetation and invited colonial* 
tioii, probably for thousands of years^ found no fdant 
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of solving the problems of invasion and establishment till 
Sparwut townsendii came and made light of the task.” And 
the practically remarkable fact about it is that it provides the 
only case known of a plant which spreads rapidly and is not 
a pest, but a benefit, to man — ^up to the present at least, for 
it is on the cards that it will eventually begin to choke up 
harbours. 

In the first place, it makes new land, and^in the second, 
it provides a valuable crop. Round its plants the level is 
raised, and in place of mud, in which men may get bogged 
and even disappear, firm saltings develop. In place of a 
bare surface there grow fields of tall green grass, three feet 
or more in height, eagerly sought ^ter by all stodc and 
capable of being made into excellent hay. It may even prove 
possible to use it for paper-making. 

The English, maritime and with no great land-hunger, do 
not particularly encourage it; but the Dutch are using it 
on a large scale for “poldering” — ^making new land by 
banking. Single slips are plant^ in the mud three metres 
apart. In three years the tufts have covered half the mud, 
in six years they all coalesce to make one meadow, with a 
surface about two feet above that of die original flat. 
Spartina townsendii will help Holland to accelerate very 
considerably her struggle to reclaim land from the sea. 

Could man but find a plant which would do for fresh-water 
bogs what the rice-grass can do for seashore muds, enormous 
areas of land, especially in the tropics, could be quiddy and , 
cheaply made fertile. With the rice-grass before our eyes, 
we can go on experimentiz^ with reasonable hope of 
success. 

Tlr thus takes maritime muds to a new stage 

, of This is an exceptional type of human inter- 

iGeratoe m Jl^llMonummity. ** In genend, the normal wild 
state is die Ugliest, and when man i n terfere s widi 

vegetadm he usually keept it from attaining its natural" 
climax* The nu^or part lempeiaie Europe loai North 
l^erica AquM by right be die great 
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Stretches of grass and heath that exist there to-day owe their 
existence to man’s activities in tree-felling and cultivation 
and in encouraging grazing animals- The grassland of the 
English shires is only waiting to become woodland again^ 
but tlie grassland of die American prairies is grassland in its 
own right — the ground is not wet enough to develop naturally 
into forest. Only when man supplements nature,^ as when 
he irrigates the desert, does he carry the climax a stage higher 
than normal ; and even then he may find the ta^ harder 
than he imagined. 


§5 


The Grading of Life-communides 

In the preceding section we have traced out the way in 
which a typical life-community develops from small be^n- 
nings up to the di^ax which is its normal completion. But 
in different regions the kinds of climax differ. In many 
parts of the world’s land-surface the adult stage, so to speak* 
towards which all other arrangements of living things M 
tending, even if they are tending thither so slowly that they 
never actually readi it, is forest. In other words, the 
dominant plants of the climax are generally tall trees. Where 
the climate is not suitable for trees to dominate all smaller 
plants and form a forest, other types of dimax occur; and 
in this way life is zon^ over our planet’s surface. The 
broadest zoning is the zoning by latitude. The nonnal 
climax of equatorial life is the tj^ical tain*forest, green all 
the yeai^ round, with a mulnfmousness of spliendkl trees 
mste^ of one or a few dominant spedes. In monsoon 
districts, where rainf all is heavy but intermittent, the forests 
ce^ to be evergreen ; they drop leaves in die dry 
smsoiu As we pass north and soudi towards the 8ttb*»tr0^C9S 
the amount of rain fells off, and the tree^ unable lo nWl 
suffident lAoiistuie ff tfa^ dose then ranks* 
past the sbil to scrub and grasses* D omiti a tto e miisl; |ii 

an 
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shared between them, and the result is the beautiful climax 
we call savannah-forest, where clumps of trees are dotted 
about with broad spaces between, as in a park.; 9 

With increase of latitude, we enter the world’s two desert 
belts. We come into a region not only of lesser heat, but, 
under existing geographical conditions, of desiccation. The 
trees grow sparser, smaller, thornier, often with tough leaves. 
The African thorn-scrub is of this zone. As regions of less 
and less rainfall are approached the vege^ttion finds it more 
and more difficult to suck up the moisture it needs, and 
eventually the small plants, obeying the same necessity which 
overtook the trees long before, are forced to break their ranks. 
No longer is the surface of the ground completely covered 
with vegetation. The life-community, in the language of 
ecologists, is no longer “ closed,” but “ open ” ; the lack 
of moisture has become a limiting factor and prevents life 
from fully exploiting the other resources of the soil. 

The desert often passes over into steppe-deserts, steppes, 
veldts, and bad-lands, where the rain — small in amount and 
falling mainly in winter — ^usually only suffices to support 
an open community of grasses and shrubby plants like worm- 
wood and sage-brush. As we pass farther polewards we 
reach, as a general rule, wetter country again, and the open 
communities of the true steppes give place to the full grassland 
of the grass plains, the prairies and the pampas, where vegeta- 
tion once more covers the earth. All gradations occur from 
the short-grass plains that are only just closed communities 
to the tail-grass prairies whose plants are bigger and have 
de^penetrating root systems. 

These grasslands, open and closed, are for the most part 
found inl^. Near the coast in the same latitudes dimate is 
rather dt&rent, and generally allows a different dimax, a 
dimax of scrub or even forest. The rain fdls mainly in the 
winters, and the plants’ growing season is dry. Accordingly 
the trees t>f sudi sub-tropical and warm<^iemperate forests 
are adapted to low rainM by being evergreen and having 
tough, leathery leaves. The chaparral in T^»as» the maciuis 
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scrub and the forests of Aleppo pine and other conifers in 
various parts of the Mediterranean region, the Spanish woods 
of cork-oak and holm-oak, the forests of southern California 
and south-west Australia are examples. One of the tragedies 
of history is the cutting dpwn of these warm-temperate 
forests over great areas of the Mediterranean basin, as in 
Dalmatia ; green hillsides have given place to naked stony 
rock, perennial streams have turned into intermittent torrents, 
and the climate itself has been altered for the worse. 
In the last few years, however, a determined effort has 
been made to restore this coast to its pristine wooded 
state. 

North and south of these dry, warm-temperate regions 
we come generally to a moister warm-temperate climate. 
Here deciduous trees like beech and oak, maple and ash, 
locust and chestnut, walnut and sycamore, are the usual 
dominants. Where soil is poorer, however, or rainfall less 
abundant, evergreen conifers can do better, and they give 
us pine forests such as those of Scots pine or Austrian 
pine in Europe, long-leaf and loblolly pine along so 
much of the south-eastern coastal plain of the Uniied 
States. 

Conifers reappear again polewards of the main temperate 
zone. They encircle the whole of the northern hefftisphete. 
An almost unbroken belt of them, four hundred to eight 
hundred miles wide, stretches for over five thousand miles 
from Scandinavia to the Pacific. In Siberia it is called taiga ; 
but elsewhere, strangely enough, it has earned no special 
name. And a secoi^ huge forest of the same type covers 
the North American continent from Labrador to Alaska. 
Sometimes such a forest is all of fir, dense and gloomy ; but 
deciduous trees like birch and alder may break the inhospitable 
monotony. Firs, however, are the dominants. Yet this 
does not mean that they find themselves here in tte most 
firvourable conditions, for spruce fix>m sub-arctic HotAit 
America gptows much larger and better when t nmspLm ted 
to die milder climate of Scotland. It only meaiis diaCf in 

31*3 
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Struggle for existence, they can survive where other trees 
with greater demands £ul. They are not in any perfect 
adjustment with their not very attractive environment, but 
they are better adjusted than all other trees. 

Towards the north (there corresponding belt in the 
south, owing to the disposition of land and sea) the forest 
diins out, just as the very different tropical forest thinned out 
towards the desert region. Trees can no longer grow where 
the subsoil is frozen all the year round*; dwindle, grow 
dwarfed and stunted, and eventually disappear, leaving only 
the arctic barren-grounds, with their permanently frozen 
subsoil, to which the name tundra is given. Dwarf and 
creeping willows, grasses and sedges, are the chief among 
the tundra’s higher plants, though bright flowers are by no 
means absent, and saxifrages and buttercups, campions and 
pale yellow arctic poppies and many other lovely plants, often 
croudied on the soil in cushions and rosettes, star the sunnier 
.places during the short two or three months* summer. 
Lower types of plants like mosses and lichens are here re- 
latively more abundant than anywhere else in the world, and 
may actually dominate the tundra’s more vigorous regions. 
The ** Reindeer Moss,” for instance, which is really a lichen, 
may extend almost unbroken over great regions of the 
Americffl barren-grounds, often growing six in^es or a foot 
high. I 

And finally, before life is made wholly impossible by 
perennial snow-fields and ioe-caps, cold does what drought 
did in the desert belt : it breaks the dosed ranks of the plants, 
When conditions become too extreme it is only here and 
there that plants can grow at all — ^where a slope feces soudi, 
where apitch of good soil has managed to accumulate, where 
$i|kow is off the ground long enou^ for plant-Ufe to run n 
Segment of its oDurse. Between foe nmdm and foe ice-fields 
in Greenland and other arcdc regions foere may bq sudr a 
zone, with a jkw poor plants in a desert of ^^tokies ; and 
foe antarctic continent nowhere knows any rkher 
this* 
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We have so far spoken of the zones of life on land done. 
This is not because the grading of life is less important in the 
sea, but be<au^ we know less about it. We know that 
floating life is in general less abundant in warm waters 
in cold, owing largely to jiigh temperature reducing the 
amount of carbon dioxide in solution in the sur&ce waters* 
But recendy, thanks largely to the invention by Professor 
A. C. Hardy of an automatic plankton-recorder — an instru- 
ment which can be towed through the sea behind a ship, and 
which traps and preserves ail the little floating organisms 
in its path and rolls them up neatly in order on a scroll of 
gauze for the investigator to examine at his leisure — ^we are 
making a beginning with a quantitative mapping of the sea^s 
vegetation. A century hence the maps of the world will in 
all probability have diatom-belts marked on all the seas as 
they now have vegetation-belts marked on the lands } and 
a knowledge of these will be of great help to fishermen, and 
to whalers — if human improvidence and the absence of a 
cosmopolitan control of the sea have by that time left any 
whales. 

This is grading on the grand or planetary scale. But there 
are other kinds of gradients. Altitude, for instance, proves 
a very good substimte for latimde. We can start at the 
equator in the Congo rain-forest, and by the vertkal ascent 
of less than three miles to the pe^ of Ruwenzori, reach the 
same lifeless cap of snow and ice that we should have had to 
travel more tlm five thousand horizontal miles northward 
to find in the mountains of Spitsbergen. And in our ascent 
we should have passed through belts of vegetation almost 
as diverse as in that long, horizontal poleward stretdb# 
Above the tropical forest, park-like savsmnah-foresi^ wiAi 
richer, greener vegetation in Ae stream-goigre ; and hm and 
t|iere bore and grassy stretdies, treeless. Th^ » the ^^9^1 
and the mountain rains b^, a queer forest 
d) festooned with hanging moss. Above that;, t Mi|l 
qndsiper ibrest of groundsels and lobdias grown fiodreoiMf 
of mat, looking not like any &mi!iar ter m t m i 

f 



THE DRAMA OF LIFE 


trees produced by some other planet. This gives place to 
mountain meadow and this gradually to a true alpine flora, 
nesding in isolated tufts among the rocks. And above this, 
rocks and ice and snow untouched by life. 

Gradients in moisture may occur within a single climatic 
region, according to the lie of the land. There is such a 
gradient from every marsh or pond to the solid land around 
it, in every valley from the moist bottom up to the drier 
slopes. In the margins of salt lakes the^ is a gradient in 
salt-content of the soil, just as there is in salt-content of water 
between sea, estuary and river, or, in some inland seas like 
the Baltic, between one end of the sea and the other. There 
is a gradient in the amount of sunlight as we pass round the 
shoulder of a hill from south to north aspect, or as we pass 
down from shore-level to deeper water in lakes and oceans. 
And there are other gradients in the environment — gradients 
in amount of oxygen dissolved in water, in acidity or alkalinity 
of soil, and so forth. 

Each and all of these minor graded changes in the environ- 
ment are reflected in its living inhabitants, just as definitely 
as the vaster change between equator and pole. And the 
change is always reflected in the same way — by a gradation 
of lif^communities. Round the shores of the Great 'Salt 
Lake, for instance, there is first a barren flat, too salt for any 
plant ; then a zone of one species of glasswort, capable of 
tolerating two and a half per cent, of salt in the soil, then of 
another, more luxuriant species. Two or three further zones 
of shrubbier plants follow, until at a sufficient distance from 
the lake for the salt-content to have fallen to about one-tenth 


of one per cent, sage-brush becomes luxuriant 

The most familiar examples of such gradations are that 
between water and dry land on die seashore or round 
the maigins of a shdfow like or pond. In every case, 
whether each grade extends for several hundred miles, 
like the prairie, or for a few feet, like die belt of bul-* 
rush round a pond, a striking fe^t is to be noticed* How- 


ever gradually and continuouidy the envirooment may 
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change, the change in life is always more or less abrupt. 
Each belt of life is on the whole uniform, often remarkably 
uniform for most of its extent, and then in a short distance 
it makes a sudden transition to another and often markedly 
different belt. The cause of this is competition. If one 
kind of plant can do better than others in reaching up to the 
light, it will succeed, and the others will fail. This is why 
in each community there are one or a few dominant kinds of 
plants. Success in this kind of competition leads to domin- 
ance ; but failure means not mere subordination, but complete 
or almost complete banishment. As long as the dominant 
species can hold their own, they can dominate. But when 
conditions change a shade further, they must give place to 
other and altogether different kinds of dominants. That is 
why there is generally such an abrupt change from woodland 
to prairie, or from one kind of seaweed to another on the 
seashore, why marsh-plants give place so suddenly to the 
bulrush zone round a pond, and why the timber-line is so 
sharply marked on a moun^in. And in this way, since 
animals follow the vegetation, the rivalries of plants translate 
the sloping gradient of the lifeless environment into a staircase 
of life-communities. 

Thus, with sufficient knowledge and patience, we could 
make a map of the whole world showing the distribution of 
life-communities as it was at a pardcular instant. But, as 
we were at pains to point out in the last section, it is not 
enough to think of life-communities in this fixed and static 
way, for they are continually changing. For one thin^ they 
themselves are often reacting on their own environment, and 
so bringing about that community-development we call 
succession, up to the climax which is in equilibrium with 
itself. And for another, the environment itself is changing. 
SesL and land shift their boundaries ; erosion levels mountain 
and builds plains ; the belts of temperature move dofwfy up 
atwl down over the earth’s sur&ce as a glacial period or a 
dry ^pell comes and goes; and with such changes thn 
lifiMommutiities must shift their boundaries toa 

217 
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As Elton says : 

If it were possible for an ecologist to go up in a balloon, and stay 
there for several hundred years quietly observing the countryside 
below him, he would no doubt notice a number of curious things 
before he died, but above all he would notice that the life-communi- 
ties appeared to be moving about slowly and deliberately in different 
diiecdons. The plants round the edges of ponds would be seen 
inarching inwards towards the centre imtil no trace was left of what 
had once been pieces of standing water in a field. Woods might be 
seen advancing over grassland or heaths, always Reeded by a van<r 
guard of shrubs and smaller trees ; or in odier places they might be 
retreating, and he might see even from that height a faint brown 
scar marking the warren inhabited by the rabbits which were bring- 
ing this about. 

If he stayed up long enough and reflected sufficiently hard 
on what he saw, he would begin to draw some interesdng 
conclusions. He would realize, for one thing, that the 
transition from one life-community to another in space 
usually corresponded to an actual replacement of one by 
the other in time. The mapping of the gradation of life- 
communities gives a spatial picture of succession. That is 
clear enough with the belts of vegetation round a pond; 
they move inwards, each one replacing its more central 
neighbour, until all but the outermost, now spread over the 
whole area, have disappeared. And he would realize that 
there is no essential difference whatsoever between the narrow 
rings of life round a pond and the broad rings of life round 
the globe. They both depend on gradients in outer con- 
ditions. The sole difference is this. The one is not merely 
a gradient on a small scale, but one which natural forces, 
both those of life and those of lifeless matter, tend to roll 
out flat ; the other, however, is not merely on a large scale^ 
hut is detemtined by agencies outside the sc^ of any chai^ 
init8elf--4iydte very sfaq[9eqf die world. The one is essenti- 
ally tepaporary, the other essentially permaneiit Even so, 
die succession of stages round the po^ tOMy be intermpeed 
and set bade, as wbm a suaaession of wet year^ floods the 
niaij^ end reverses die nofnidi^ And If you 
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like, you can think of equatorial forest as the climax com- 
munity of the planet as a whole, towards which the life of 
all other regions is disposed to tend, though checked in its 
approach by limitations of warmth, of water, or of soil. 

If our ecological observer could have stayed aloft during 
a geological period or two at the beginning of the Mesozoic^ 
Era, from the cold dry beginnings in the early Trias to the 
warm moist uniformity of the late Jurassic, he would have 
wimessed the world’s life-zones narrowing inwards roimd 
the poles, just as the bordering plants round the pond 
encroach upon the water ; and he might have been pardoned 
if he Jiad thought that the process would continue until the 
whole world, poles and all, was one climax forest 

However, there must always remain a sufficient difference 
between pole and equator to keep life zoned by latitude ; and 
there must always remain land, high and low, and sea, shallow 
and deep, to maintain the complex set of gradients which 
arranges life in a series of belts, from moimtain to plain, 
across the sharp transition of the shore and down more 
slowly again to the abyss. These two gradients are per- 
manent features of our world ; all the rest are temporary, 
and tend sooner or later to obliterate themselves. 

There is another way in which the litde mirrors the ^g. 
The same competition which results in the comparati^y 
speedy development of ecological succession results also in 
the portentous slow development of evolutionary succession, 
A l^dslip or man’s destructive hand uncovers a patch of the 
bare earth, or impounds a body of barren fluid ; it is colonized 
by a succession of communities, and in a few decades is 
tenanted Vitb rich life again. The whole world, both land 
and sea, once free of life ; and aeons later all the land 
was still one great bare patch of earth and rock. First the 
saas, and die lancb were colonized. In both diem faii 
a succession of fiotnas and floras, eadi one on An 
exploiting the environment a lit& mom effixlividiSr 
Aan the one before. Evolution is a dow sucoesaioii pi'm 
serib of ever new and ever improved comintild^ IO|i i^ | | 

ai9 
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a Still unrealized climax. The most up-to-date of life’s exist- 
ing communities are still very wasteful in their exploitation 
of the world’s resources. It remains to be seen whether 
man, with his deliberate aim at a higher efficiency, his replace- 
ment of the hitherto dominant tree by his own cultivations 
and devices, will make a mess of things and fail, or will 
succeed and hold on from climax to climax. If he fails, the 
forest will return. 


§6 


Food-chains and Parasite-chains 


Now that we have discussed the development and dis- 
tribution of life communities, we can return to the details 
of their interplay. Green plants draw their supplies from 
lifeless and universal sources; animals must live on other 
life. So it comes about that different kinds of animals will 
be at different removes from die prime source of food ; and 
one of the characteristics of the animal part of every com- 
munity will be its organization in the form of subsistence- 
chains. A subsistence-chain is a series of creatures, each 
livyig on its predecessor in the series. There are two main 
kinds of them, food-chains in the ordinary sense, in which 
the predecessor is devoured, and parasite-chains ; and of 
course there may be subsistence-chains of mixed type, of 
which both devourers and parasites are members. The 
general rule is for the members of food-chains to get bigger 
and bigger as they get farther from the chain’s original 
starting-point, while in parasite-chains we find the opposite 
tendency — ea^ link is likely to be smaller than the one 
before. 

The starting-point of a j^dd-chain is nom&lly among 
green plants, but from one and the same starting-point many 
food-chains may radiate out in different directions. In an 
English wood, for instance, ptant-lioe suck die juices of the 
twi^ ; these, eidier before or afr^ having £dm a prey to 
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spiders, are eaten by small birds like tits and warblers, and 
these in their turn by hawks. The same trees may con- 
tribute to the hawk’s upkeep in another way. They drop 
their leaves upon the ground, the leaves are eaten by earth- 
worms, the earthworms by blackbirds scratching among the 
underbrush, and the bladiirds by hawks. A different line 
is started through the seeds of the trees. Acorns and beech- 
nuts are nibbled by mice, and the mice are the chief support 
of tawny owls ; and there are other chains running through 
woody branches or stem, to wood-boring insects and wood- 
peckers, through seeds and squirrels, through leaves and 
caterpillars or gall-insects, and so forth. 

In the sea, where the single-celled diatoms are the main 
food-producers, the first link in the animal food-chain is 
invariably supplied by tiny creatures, very largely the little 
Crustacea we call copepods, but also the microscopic larvae 
of many larger aniiigals like crabs and sea-snails and starfish. 
These are generally the prey of little jellyfish, arrow-worms 
and small carnivorous fish, which in their turn usually fill! 
victim to bigger fish. 

A carnivore can only cope with prey within certain limits of 
size. Animals above a certain upper limit it is not strong 
enough to tackle; the most powerful spider cannot kill 
rabbits. Animals below a certain lower limit it camiot 
economically make a living off : a lion could not live, like 
a cat, by catching mice, nor an ostrich off insects as small 
as those that satisfy a tom-tit or a swallow. It is for this 
simple reason that each link in a food-chain is usually bigger, 
but not enormously bigger, than the one before. There are 
exceptions. The food-ehain from the diatoms of arctic seas 
whi^ passes through tiny Crustacea, free-swimmi ng pteropod 
snails, and fish may end in the body of a gull. But it may 
have a further link tacked on to it ; this is the skua or jaqger 
which, thou^ actually lighter than die guU, pursues a^ 
terrorizes it until by mere bluff and pertinacity it forces its 
t victim to disgorge its last meaL 

The skua, however (save for some deptedadons on cggpl 
221 
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aod young birds), is not stricdy a carnivore, though it is a 
link in the food-chain. But stoats feed largely on rabbits, 
which are both much heavier and much speedier than they. 
This they do by paralysing them with fear, in some way 
which is as yet not fully explained ; it seems, however, that 
it is the smell of the stoat which has this extraordinary effect 
upon the rabbit. Other exceptions are apparent only. 
Wolves are less than a quarter of the weight of the deer they 
kill ; but they hunt in packs, and the packusi the unit that 
counts. The extremist case of numbers thus making up for 
size is found in the driver ants ; it needs hundreds of them 
to weigh an ounce ; but their columns number millions, and 
they will eat anything, however much bigger than them- 
selves, that cannot run away, from puppies and babies to 
tethered cattle. 

The best example of an animal feeding on creatures vastly 
smaller than itself is the whalebone wlij^e. It has skipped 
several links in the chain by means of its special sifdng device ; 
but even so its usual prey is about an indi long, and the first 
links escape it. All big current-feeders have similar devices 
for accumulating particles which would be no use to ordinary 
eaters of the same size; the outstanding case is Tridacna, 
thegiant clam, which, in spite of living on microscopic debris, 
ms^ grow a shell five feet across. 

Not only is each animal lipk in a food-chain generally 
bigger in bulk than its predecessor ; it is also much less 
abundant in number of individuals. For the carnivore can 
only live on the surplus production, so to speak, of the species 
on which it preys ; and also it needs a huge bulk of material 
to keep itself alive. Perdval, in hi^leasant and informative 
book, A Ganw-Ranger*s Naubook^ t^s us that one lion kills 
about fifty zebras every year. As this represents only one 
ifnin of the surplus of libim whidhTmust be produced to keep 
w numbers of the species coabsiuit, it dear diat the normal 
proportion of live zebras to five lions must be s^veml hundred 
to one. Similarly, two Amerieaa kvestiratm 
out* the biolo^^ balaime-dM^i: of Lake Mondpta k’ 
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Wisconsin found that the single-celled plants which nourish 
the many-celled but still microscopic Crustacea and wheel- 
animalcules that make the first animal link in the lake’s food- 
chains, together weigh about fifteen times as much as the 
sum of their devourers. And in our previous example, a 
small wood might well shelter but one pair of hawks, dozens 
of tits and warblers, hundreds or thousands of spiders and 
millions of plant-lice. 

The greatest number of links in such a food-chain seems 
to be five, and usually it is about three. As an example of 
a marine food-chain, and one of economic importance, we 
give that of the herring, worked out by A. C. Hardy. The 
diagram shows how the herrmg changes its food as it grows 
bigger. But it also shows how the starting-point always 
consists of single-celled plants, and the first animal-link 
almost wholly of one or another kind of copepod. And 
finally it shows what our readers may have been suspect- 
ing, that the various food-chains in a community need by no 
means be separate, but are linked up together in an interlacing 
meshwork like the chains in a coat of chain-mail (Fig. 24). 

To work out all this web of interrelations in detail for a 
whole community is all but impossible, even in our temperate 
regions — ^let alone in the richer tropics — on account of the 
hundreds of kinds of animals and plants involved. To 
achieve anything like such completeness, the ecologist must 
turn to unUnder zones, such as the arctic, where the numbers 
of different spedes are so few that the food-cycle is reduced 
to a diagrammatic skeleton. Even such a skeleton, however, 
still has a considerable intricacy. 

One ot two interesting points in the integration of Spitsk 
beigen life may be not^. There are no herbivorous 
mammals l>at several herbivorous birds. Otherwise fiesb 
plants are eaten by midges and saw-flies, while die pboe 
lir{tfawoniis as the first animal link from dead {dant-tissiie f* 
tSiken by the tiny win^ess insects called Collembda, togedm 
widuniiesi M these tmyartfaropodstbefomctt’ ate goi^ 
ifirQii^ a spider link, are eaten by biipds, and the btcw tpse 



THE DRAMA OF LIFE 


eaten by arctic foxes. This store of fox-food, however, does 
not seem sufficient, and the hard-pressed carnivore is driven 
to supplement it by living at the expense of polar bears, either 
eating their dung or scavenging the remains of the seals they 
kill. 

Another point is that the land is continually being enriched 
at the expense of the ocean. All the sea-birds — gulls, auks, 
guillemots and ducks — get some or all of their food from 
the surface stores of the arctic sea. Th^ dung, rich in 
nitrogen thus extracted from the ocean, manures the ground 
and helps plant-growth. Below one of the great bird-cliffs 
where (for protection from foxes) the nesting sea-birds 
congregate in thousands, plants that elsewhere grow as 
miserable stunted things, one or two inches high, shoot 
up to a foot, the whole aspect of the vegetation is changed, 
and one may fancy oneself back in a temperate country. 

Parasite-chains usually link secondarily on to some animal 
in a food-chain, though there are abundant examples which 
take origin directly in plants, such as the insects which cause 
and inhabit oak-apples, robins’ pincushions and other plant- 
galls, or the trypanosomes — single-celled protozoa rather 
like the ones that cause African sleeping-sickness — that live 
in the milky juices of plants such as spurges. 

As a matter of fact, the majority of parasites are not linked 
up ecologically into chains at all ; or, if we like to put it 
so, most parasite-chains have but one link. There are no 
parasites living on tapeworms or on malaria germs. But 
sometimes there are parasites of parasites; and then the 
parasite-chain is a reality. 

In such cases the size of each link diminishes rapidly instead 
of increasing, as in the ordinary food-chain. Everyone 
teows Swift’s lines : 

So, natunUsd a flea 

Has smaller fleas that on him prey ; 

And these have smaller still to bite *em 
And so proceed aJ 

This is, however, an obvious impossibility, sinoe a few 
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The solid lines point to food eaten direcdy by herrings ; other hnks in ^ food- 
duons are dott^. (A) The young herring feeds roamiy on single-cetlea 
nauplu and mollusc lar^ and small oipepod crus t aceans. It is eaten by ]eify‘''nibf 
oomb-]elheS) arrow-worms bnstle-worms (Tomoptens). (B) Ourmg its next 
stage It hves almost entuely on small copepods and no longer takes any pints or 
small larvae. It ts still eaten by )dly-foh and comb-jellies, but not by womia# (Q 
From to r indhes, its diet is exclusively crustacean but more vaned--seveeal kinds 
of oopepods and large crustacean larvae, and Myas. (D) From j indi es ^ upwatds 
it eats copepo(^ bm cnistaoeans, the tumcate Oikopleura, pelagic mm an wgs 
numbers of sand-eds. The animals it eats support themselves other ditecdy or at 
one remove on various angle-celled organisms, m^y diiiM (k^osifa, Thdi^ 
sua, Gtnmudia, Quetooetas, Nitzsdua, Navicuia, Cosc m odi s cus, Rmadtotonti, illo* 
dulphiaX flagellates (Piocooentrum, Pendinnim, CditiumX and algn (Phisocyitil). 
from tht data of Prof, A, C, Nar^.) 







THE DRAMA OF LIFE 


links would bring us down to a size smaller than a single 
molecule ; and, as a matter of fact, there seem never to be 
more than diree or four links in such dwindling chains. 

A two-link chain of sinister importance begins with the 
rat-flea and ends in the parasite which it harbours ^nd may 
transmit to man — ^the bacillus of bubonic plague. In the 
same way parasite ticks have as secondary parasites the 
spirillum of relapsing fever. The secondary parasites may of 
course be quite harmless; the intestines‘<^f many kinds 
of fleas, for instance, teem with perfecdy innocuous single- 
celled flagellates called Leptomonas. In all these cases, 
numbers go up when size goes dowb, as happens also in 
food-chains. A squirrel is quite likely to support hundreds 
of fleas, and each flea to shelter and nourish thousands of 
Leptomonas, though of course the total bulk of flea is only 
a tiny fraction of the bulk of squirrel, and the total bulk 
of flagellate again only a fraction of the bulk of flea. 

Some of the most remarkable examples of parasite-chains 
are afforded by the parasitic hymenoptera, insects which, as 
we saw in our section on parasitism^ can equally well be styled 
internal carnivores, their eggs, laid in the grubs or even the 
eggs of other insects, hatch^g out to maggots which consume 
their prey from within. Many kinds of these parasitic 
hymenoptera are themselves victimized by secondary ]para- 
sites (sometimes styled hyper-parasites) belonging to the 
same group, and of the same unpleasing habits ; and these 
IP their turn may sometimes afford a livelihood to tertiary 
parasites of the same kind. Since each link may nourish 
parasitic protozoa in its intestines, the protozoa of the tertiary 
parasites make a fourth link ; they are quaternary parasites. 
The insects which are tertiary parasites are all fl^ulously 
anudU 

I^arasites and fbod-dbajfls ar^somettmes tangled together 
in an interesting way. When one link in a food-d^ is 
always heir^' eaten by the caitdvdrom tnext link, any para- 
ritm diat happen to IsealxMid am jgeoeraUyeat^a^^ mi 
so it is very rnequent for paa^dt^ifOf a oumh/ao^ m hioomt 
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adapted to pass part of their life-cycle in its prey, so as to 
make certain of reaching the carnivore’s interi6r again when 
the time comes. So the tapeworm of the dog and fox has 
the rabbit for its secondary host, the trypanosomes parasitic 
in tsetse flies have become adapted, unfortunately 'for us, to 
living out part of their cycle in the blood of men ^d odier 
large vertebrates, while Aggregata, a common protozoan 
parasite of squids and octopuses, divides its time between 
them and their favourite prey, crabs. 

Sometimes there are three stations on the journey. The 
enormous broad tapeworm begins life by infecting a tiny 
fresh-water crustacean, passes on to a second stage inside a 
fresh-water flsh when this eats the crustacean, and so on to 
a mammal like an otter, when it eats the flsh. But there may 
be other effects. The food-chain is like a railway with one- 
way traflic ; and parasites will always be moving down the 
line. Squirrel-fleas often hop off on to the squirrel’s enemy, 
the pine-marten, and have been known to b^ome more ot 
less acclimatized, to life in this new environment; most of 
them, however, seem to die here. Sometimes this trana- 
ference has unfortunate results for mankind. When human 
beings take a leaf out of the otter’s book and eat raw freshr 
water flsh (smoked instead of cooked) they may receive a 
consignment of broad tapeworms. A knowledge of 
one-way food-traffic along food-chains may be of coi^ 
siderable service in narrowing down the field of inquiry when 
tracing out the missing parts of a parasite’s life-history. ^ 
It is rather rare for parasites to be important independei^ 
links in a food-chain ; they are for the most pm mere extras 
on the menu. But there are one or two ratbier interestiiig 
cases where they are eaten for their own sake. The most 
femiliar examine is that of the ticks of so maty herUvorotii 
mpmmals, whidr are eagerly devoured by birds* Tb^miQr 
merely a casual titbit like sheq>-tick8 in ffie varied diei^ 
Starimgpi. Ordi^iiuybeaste^<»evmilieonly,atliklQ 
dm ti^*bird seems m live spk^ 
tidal of big game such as rixinoceros, zribi% an^ 
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One of the oddest cases is that old one, recorded by Herodotus 
and long dismissed as a traveller’s tale, until re-established by 
the evidence of many nineteenth-century naturalists, of the 
little plover of the Nile that enters the mouths of crocodiles 
(held gaping wide to facilitate the bird’s task) and picks off 
the leeches that suck blood from their gums. In me Gala- 
pagos Islands a similar role is played by a scarlet land-crab, 
which picks ticks off the big lizards that feed in the surf and 
come ashore to sun themselves. And th|re are the white 
paddie-birds that live in the antarctic and in some places sub- 
sist mainly on the round-worms which they pick out in huge 
numbers from the droppings of nesting penguins. In winter, 
the penguins move off to the open sea, and the Paddies grow 
progressively thinner, until the return of the migrants 
provides a new supply of worms. 


§7 


Storms of Breeding and Death 


In the previous section, we pointed out that the abundance 
Df different kinds of animals had a definite relation to their 
station in life, and their position in a food-chain. In general, 
the first animal links in such a chain are small in size and 
abundant in numbers, and each further link is marked by an 
Increase in bulk and a marked reduction in abundance. But 
we said nothing as to the way in which this regulated equili- 
brium of numbers was achieved. It will be our business in 
the present section to give some account of the checks and 
counter-checks by which the swaying balance is kept within 
limits and of the consequences, often spectacular ai^ some- 
times disastrous, which follow when it is upset. 

The first thing to realifee is that the idea of a balanoe, albeit 
always a swaying balance, is a true one. The numbers of 
any spedes depend, on the one hand, upon its rate of repro- 
duction and grow^ and on the other upon its death-rate 
hrom accident, enemies, and disease, just as the amount of 

aaS 
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moisture in the air is a nicely adjusted balance between the 
number of water-molecules that leave the liquid state every 
minute in vapour form, and the number that condense again 
efvery minute in water. 

Were it not for these two opposing forces at work, multi- 
plicative and destructive, life’s power of increase would be 
overwhelming. Before game in Africa was much interfered 
with by man (indeed, up to less than thirty years ago), setders 
in South Africa used periodically to be wi Aesses of the results 
of over-multiplication of that little antelope, the springbok. 
Trekking from the north, the springbok used to pass for days, 
and several hundred thousand might be in sight at the same 
moment. One migrating horde was estimated to be fifteen 
miles wide and a hundred and forty miles long. As a result 
of the innocent and unrestrained play of their natural instincts 
they were trekking to misery and death. 

In tropical and semi-tropi(^ regions the red single-celled 
plants called Peridinians occasionally multiply so as to turn 
the sea to the semblance of blood for miles, and may even be 
so abundant as to remove most of the available oxygen firom 
the water, thus causing the death of thousands of fish. A 
few bacteria introduce into the body may in a ten-days’ 
space have multiplied to a population more numerous than 
all the men and women in the world. A few prickly-pears 
introduced into Eastern Australia as a botanical curiosity (and 
for a time propagated and spread by a kindly Society who 
thought that cactuses in pots might brighten the homes of 
immigrants’ wives) covert thousands of square miles in the 
course of a few years. At the height of its multiplication the 
pdckly-pear was invading a new acre of Australian land eveiy 
n^finute of the day, until, as Dr. Tillyard says : ** The vision 
of eastern Australia becoming in about a hundred years’ 
titnie a Vast desert of pri4df «^pear, witii a few walled cities 
alone betiding out against h.** 

But anitnab and plants veiy iiatly find a 
ing like iliis. For most iqpicies, the twO ^tuodm on 
mermse am enemies and disias^ are die 
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first line, so to speak : epidemic disease rarely steps in unless 
die spedes has already multiplied abnormally. It is the 
out-padng of enemy checks which accounts for the eactra* 
ordinary plagues of herbivores in different parts of the world. 
Let us give an example or so of the pitch that this abnormal 
increase may reach. 

In a mouse plague which occurred in Nevada in 1907, 
three-quarters of the alfalfa acreage of the State was destroyed 
The whole ground, for square mile after square mile, was 
riddled with mouse-holes till it was like a sieve. It was 
estimated that the several thousand mouse-eating birds and 
mammals busily gorging on mice in the affected district were 
killing over a million mice a month ; and yet, in spite of this 
toll, the numbers of the mice continued to increase. And in 
the Australian mouse plague in 1917, Hinton, in his booklet 
on Rats and Mice as Enemies of Mankind^ records that 
70,000 mice were destroyed in one afternoon in one &rmyasd 
Such a state of affairs cannot continue for long. The 
multiplying spedes has escaped from the control of its 
carnivore enemies ; but it must eventually run up tigisasm 
other controls. In the last resort, there is the control exmedl 
by its food : if its multiplication is too excessive, there will 
not be enough for it to eat. But this control by starvatkm 
is a rare event in nature ; in most cases, before the increase 
in numbers has brought the spedes within sight of food** 
shortage, a third kind of control steps in — oontrd by disease. 
Almost all the vast outbursts of rodents end in appaUing 
epidemics which kill off the great majority of the tee m i ng 
animals and leave the popidation br below its average 
abundance. We may quote Soper, a Canadian obseh^er, 
who is describing the sequd to a great over-multiplkatioilof 
SQOw^«hoe rabbits : ** Empire among the rabbits as daeaihere 
its n$e and M, arid dim is swq)t away. Astrae^petfl 
dttough the woods ; the year of deadt aniveSf Jm 
odd rabbit drops off here arxl there, dieft twos and 

whole companies die, until die aqapalHng' destt W j flri^ 

ledisties dm woo^ m desct^^ Qim yem 
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district of Sudbury, Northern Ontario, the signs of rabbits 
were everywhere, but not a single rabbit could I start. It 
seemed incredible. Local inquiries disclosed that a little over 
a year before the rabbit population was beyond count. Now, 
as if by ms^c, they were gone. Needless to say, however, 
a few individuals survive the epidemic. These now, because 
of their paucity, are seldom encountered.” 

Another reason why over-multiplication sp rarely leads to 
starvation is that the first pinch of food-piessure is often the 
signal for great migrations, the animals crowding away from 
the area of shortage in search of new supplies. Locusts are 
the classical examples of this behaviour. Their inclusion 
among the Plagues of Egypt is proof of the impression their 
appalling visitations made in earlier ages : 

The Lord brought an east wind upon the land all that day, and 
all that night ; and when it was morning, the east wind brought the 
locusts. And the locusts went up over all the land of Egypt. . . . 
They covered the face of the whole earth, so that the land was dark- 
ened ; and they did eat every herb of the land, and all the fruit of 
the trees, and diere remained not any green thing in the trees, or in 
the herbs of the field, through all ihe land of Egypt. 

To-day their visitations continue unabated in spite of all 
our civilization. Palestine was recently invaded fey crawling 
hordes of the wingless immature form ; in 1925 a plague of 
locusts threatened Egypt again, but prompt action by ento- 
mologists suppressed it; in Algeria and Persia, in South 
America and South Africa and Russia, serious plagues of 
diem recur every few years. In Feferuary 1929 it was 
announced that Kenya had had to institute a food-rationing 
systenii so formidable had been die inroads of a sudden 
invasion of winged locusts. 

Uvarov has reqendy discovered £ number of interesting 
fycts about the lifis-c^de of the East European locust Its 
main breedh^-grounds are hr the huge, retdjr deltas of the 
rivers that drain into the CaspiaU Aral Seas. Bands 
of the immatote and still pedestrian happen leave ^lese 
swamps nearly every sometimes in gteat numbers. 

a|a 
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But it is only periodically, and, it would appear, only after 
a succession of dry years, that the hordes of adult winged 
locusts set out. These fly off in all directions ; and when 
their reserves of fat are nearly exhausted, they setde down 
and fly no more, but lay their eggs wherever th^ chance 
to be. If this should be in the middle of crops, immense 
damage may be done by their offspring. In 1926, for 
instance, no less than 80,000 acres of wheat, maize and 
millet were thus utterly devoured in Northern Caucasus alone. 

Then comes a strange fact. If the migrating swarm has 
chanced upon a reed-b^ like its own original home in whidi 
to lay its eggs, its young develop into locusts of the same 
type as their parents; but elsewhere most of the young 
grow up into another type of locust, originally considered 
a different species. This type is not gregarious, and spreads 
slowly and individually over the countryside. If it or its 
young finds a reed-bed, the migratory type is once more 
.produced. Thus from the permanent foci in the big deltas, 
the species is being disseminated by the armies of hoppers, 
the periodic winged hordes, and the slow and individualistic 
spread of the solitary form. And this existence of two 
forms, one solitary and the other gr^arious, has been since 
shown, to hold in several other kinds of locusts. 

The ideal method for ridding the world of locusts will 
be to discover and then destroy their breeding-ground's. 
Failing this, we must learn to understand and foretell thdr 
cycles of abundance and scotch the beasts when they first 
appear, instead of waiting until their abundance has grown 
formidajble. In any case,.their powers of dispersal and the 
irregulatt direction of their flights make the locust proUem 
eminently cosmopolitan, one for international controL 

Similar outbursts of unbridled rq)roduction happen with 
lemmings, the little rat-like creatures diat inhabit moctts 
of the Scwdinavian mountains and the tower 4 ying tundras 
fiutlmr north. Periodically the le mm ingg, oionnouriy nmk 
ti^iiec^ invade the lowian^, their m^pnating swarte 
moving mamiy by nig^t. So surprising are these m id d eii 
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hordes, appearing as if from nowhere, that Olaus Magnus, 
writing in the sixteenth century, was convinced that they 
fell from the clouds. They climb walls and swim rivers, 
losing many of their number every day. Finally the sur- 
vivors reach the sea: apparendy they take it for another 
river to be crossed, for they plump in and swim on until 
diey drown. Collett records one case in which a ship 
steamed for a quarter of an hour through mij^s of swimming 
lemtAfngs, and they have been discoverd^ in the stomachs 
of cod. After such drownings in mass, the winds and 
currents may heap their bodies in thick drifts on the shore. 
In any case, of those that leave the mountains, not one 
returns alive. 

In migrating locust swarms there seems to be no disease. 
But with lemmings, migration and disease go hand in hand. 
Not all the lemmings leave their homes. Of those that 
stay behind, the great, majority sicken and die, and even 
of the migrating animals enormous numbers succumb to 
the epidemic In some parts of the world squirrels show 
similar cycles, which terminate in a combination of epidemic 
and migration. A huge army of migrating grey squirrels 
swam the Ohio River in 1829; and even bigger hordes 
are recorded from Russia. 

Violent epidemic disease seems to be the natural and 
inevitable result of overcrowding. Professor Topley, of 
Manchester, has demonstrated this experimentally in ar^dai 
mouse-populations which he has kept at different degrees 
of crowdedness ; and the fact is a matter of common m^cal 
and veterinary observation. 

This seems to be mainly a mere matter of chance and 
time. As animak are crc^ed together, the chances of 
^ infection passing from one to anot^ are increased, unti^r 
^ when a oertain densi^ of pojllilation is reached, the disease, 
faxtberto a smouldering and ^rsdic thing, becomes a Eli- 
minating epidemic— spreading widi maxiinttm rqpidi^' 
throughout the entire pofaxiatiom 

Convecsdv. if the densii^ of .fts victims M)s tow, an 

^1 
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infectious disease may die out. Malaria can only perpetuate 
itsdf by travelling to and fro in regular alternation between 
die digestive tube of mosquitoes and the blood of mm. 



I860 70 80 90 1900 


Fig. — The Periodic Ups and Downs of Northern Maismals. 

(A), (B), (C), (D) show the number of skins brought in to the Hudson 
Bay Company from i860 to 190a The snow-shoe rabbit (A) has regidar 
pe^s ab^ every ten years ; the lynx (B) is simUar, but the peaks ate 
a year or two later ; the red fen (C) mows similar main peaks, wim hrsaiH 
larities due to minor oscillations about cv» three years ; the arctic ibx 
shows the three-year oscillations mdy. (E) Yeats of lemmifig migraiiens 
in southern Norway. The abundance c om es about every lour yean. 
{McdyUJfiwn “ QMuuryaaott th§ Wild Ufi cf Canada^ fiy 
and ** AfdnuU Ecology,^ fy C. Sum,} 

Sir Romdd Ross has demonstrated tiiat If die population 
eiti^ Of mosquitoes or of men frOs beknir a oerain tieoiAF' 
in a i^iven ,aica, die firc^Kniion of malaria-btiecaBti 
ntinala wiB decreas e ahntiy bvt ptpgaesainefy. to nS' ■ 
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a not dissimilar way, gun-cotton will bum harmlessly in 
the air, and remains unchanged altogether when left to itself 
at ordinary temperatures, when its molecules are relatively 
calm ; but when detonated in a dosed space, the violent 
movement of each molecule reinforces that of every other, 
and a formidable explosion is the result. 

The enhanced rapidity of infection comes not only with 
artifidal crowding, as on overstocked grouse-moors, or in 
densely packed human dties which hafe not yet learnt 
sanitary precautions, but in wild nature too. The abun- 
dances of rabbits and muskrats and gerbils and lemmings, 
even of deer and zebras, the mouse-plagues that the efforts 
of owls and hawks and men can scarcely palliate, are ter- 
minated in a month or so by pestilence ; and the few sur- 
vivors begin the cycle over again. 

The next point is naturally to ask what is the cause of 
the occasional bursts of increase? Here the statistics of 
trade first put science on to the right track. For over a 
century, the Hudson Bay Company have kept records of 
the number of pelts and skins of different kinds of animals 
brought in to their posts. When these figures are plotted 
on a curve, they reveal a strange regularity of fluctuation. 
For almost every spedes, periods of great scarcity alternate 
with waves of great abundance ; and the peaks of the waves 
succeed each other in a regular cycle (Fig. 26). 

The number of Jynx skins brought in every year fell 
below 5,000 (and sometimes below 1,000) nine times between 
1830 and 1914 ; and in the same period rose above 30,000 
(and sometimes above (k),ooo) the same number of times. 
The osdlladons of snow-shoe rabbits are predsely similar, 
but even more remarkable, since this spedes is more subject 
to disease ; in some years epidemics may damp their num«- 
bers d6wn to such an extent'^t only a few dozen skins 
axe brought in. The two curves .run parallel with eadi 
odier, die peaks for the lynx tending to lag behind those 
for the rabUts. This is what we sho^ expei^ sinoe tynxes 
feed mainly on rabbits. 

vii. 
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The increase from the lean years to the crowded years 
is not a uniform progress, but an acceleration. In the years 
of great abundance the rabbits will have two or duee broods, 
with eight or ten young in each brood, while in bad years 
there will be but one brood, with only two or three young 
to it. The rate of increase itself is thiis almost twenty times 
as great in the favourable years. The numbers of young 
seem to increase with some regularity, for the Indian trappers 
are said to prophesy the prospects of next season’s rabbit 
crop by counting the number of embryos in this season’s 
rabbits. The same thing, with a difference, occurs in field- 
mice. In favourable years, though the number of young 
in a brood is not increased, the breeding of mice goes on 
in more months of the year. 

A great number of other animals show a greater or lesser 
degree of regularity in their cycles of abundance and scarcity. 
Elton in his Arnmal Ecology discusses the whole subject, 
and makes some interesting general principles emerge. At 
the opposite pole to the almost clockwork precision of the 
Canadian lynx and rabbit we have French mice. These 
indulge in outbursts of over-population, but the outbursts 
are local and not widespread, irregular instead of regularly 
recurrent. In such cases the muldplicadon seems not to 
be regulated by any cycle of events in the outer world, but 
to progress irregululy undl the populadon, somewhere or 
other, reaches the saturadon-point for disease. An epi- 
demic then breaks out and kills off the majority of the mice 
in an over-crowded area, but peters out as it spreads into 
less populous regions ; and the few survivors begin piling 
up numbers again for a later holocaust. 

In lemmings, on the other hand, the variation is not only 
regular bdt is synchronous over great tracts of land. Lem- 
mings have a peak of abundance every three or four yeae^ 
and the years of abundance synchronize almost exMfy in 
countries as thoroughly sqiarate as Norway, Gie e nhm d, 
the Ncmli-Canadian nudnland and the islanda of die MMif 
aro%dago. It is as if diey were kaepiog dme m die 
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beating of some cosmic pendulum. And once the time is 
set for them, they pass it on to the arctic fox, whose staple 
food they are. Regularly, every three or four years, the 
.number of arctic fox skins brought in by the Hudson Bay 
G)mpany trappers falls to 3,000 or under, while in the peak 
years in between, the number as regularly rises, usually to 
10,000 or over. 

British mice are rather more regular in their cycles than 
their French relatives ; and they, like lempings, have cycles 
of three or four years. The snow-shoe rabbit and the 
lynx have an even more r^ular but a longer cycle, with 
peaks and depressions about every ten years. And the red 
fox, which is bigger and lives farther south than his arctic 
cousin, lives pardy upon rabbits but partly upon mice. 
Accordingly, his cycle is a double one, with main peaks 
corresponding to those of the rabbit, and minor ones 
supeivposed, corresponding to the ups and downs of 
mice. 

Something outside the animals* own lives is imposing* 
this regularity upon them; and that something, it seems 
certain, has to do with ^e weather. But what precise 
factors in the weather thus affect the herbivores is not always 
easy to say. The readings made by meteorologists, though 
of the utmost value in abundant ways, are not always very 
relevant to the life of animals. Temperature, for instance, 
is usually recorded at a height of four feet in the open and 
“ very few animals live in the open at that height, except 
cOws and zebras and storks and cMdren and certain hover- 
ing insects.” 

Furthermore, what an animal or its food-plant responds 
to in die way of weather conditions is not likely to be the 
maximum or die minimum of any one Suxor, sueh as tern- 
pemtute or cain&Q or aunlight, but especially fevourable 
coml^tioiis of wevtxsl vtSty^ &ctOrs. To an exam- 
ple from oursdves: the t^dmum geogtaphical zone for 
white men is <me of modecate tmperature, rnodemte tainr 
fidl, modeiate aunshme^ and 'diangeable weeAer} no ex- 
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tremes are involved in it, and it cannot be defined save as 
a complex meteorological combination. 

The organism integrates the outer forces acting upon it 
In the abundances and catastrophes of animals that flue-* 
mate with a regular period we have in reality a new kind 
of instrument, more subde than the thermometer or the 
rain-gauge, which will, we can feel sure, set the meteorologist 
on the track of new discoveries in his own science. 

Sometimes, it is true, the weather does get to work in 
an obvious way. Very hard winters (which tend to recur 
with more or less regular periodicity) kill large numbers of 
the smaller birds. This is apparently due to starvation and 
not directly to cold. If birds can store up sufficient food, 
they can withstand astoundingly low temperamres ; the 
little American Junco, even though it usually migrate south 
in winter and is no bigger than a sparrow, can withstand 
a blizzard with a temperamre of 5^° f • below zero, if weU * 
fed. The winter of 1928-9 was particularly severe M 
European bird-life. The hard winter of 1916-17 killed off 
the longtailed tits so thoroughly over large parts of England 
that many areas were not restocked up to the normal icvd 
of longtailed tit population until two, three, or even four 
years later. 

Many of these animal-cydes seem to have a rq^uiat* 
periodicity. The recurrent irruptions of un&miliar bii* 
are a case in point. The year 19^7 witnessed a remarkable 
invasion of England by that extraordinary bird, the cross- 
bill, which has its mandibles crossed over eadi other for 
the putpose of feeding upon pine-cones. These irruptioiis 
come Westward from the pine-forests of Central Europ^ 
ayiH occur at more or less regular intervals# Oy 
socteenth century brought psodigious number ^ 

Tidiich did great damage by discovering that dw bed« 
irete admirddy adapted for slicing ^pfdes iiiJMf ajMvm 
Iks for obtaiiiking the seeds from pine-con^ The dSito Of 
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nutcracker and the sandgrouse. The nutcracker is an in- 
habitant of the vast coniferous forests of Siberia. It has 
invaded Western Europe at intervals of about ten years, 
with what would be extreme regularity if it were not for 
the fact that now and again one of the invasions is skipped.” 
Although observations on the spot in Siberia are not forth- 
coming, it appears almost certain that the migrations are 
due to over-population in the birds’ natural home, coupled 
with a bad h^est of the pine-cones upo|^ which they feed. 
Doubtless, when the failure of the pine-crop is less extreme 
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Fig. 27. — ^The Relation between Solar Disturbances and Terrestrial 

Ljre. 

The upper curve shows the amount df growth made by trees in Germany, 
as determined by die thickness of their nngs of growth. The lower shows 
the number of sun-spots recorded by solar observers. There is a consider- 
able agreement between the two curves. 

^ {Modified from ** Earth and Sun/* by E. Huntington j after Douglass^ 

than usual, the pressure on population is not so great, and 
the wave of migration spends itself before reaching Europe. 

Pallas’ sandgrouse, on the other hand, is a bird of the 
steppes and deserts of Central Asia, where it lives upon the 
scanty vegetation of the sal^r soil. Every so many years 
the bird leaves its home in huge flocks, migrating bodi east- 
wards into China and westwards into Europe, even as flur 
as the Brit^h Isles, Somethnes the migrations are con- 
tinued for two or three yehrs. Here an eleven-year cycle 
is pretty closely adhered to, with the additional fiurt thar 
the alternate migrations are hager. However, this may be 
interfered with by longer wea&^-cycles, and the irruptions 
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may not occur when due, as happened in 1930. The cause 
of the emigration again seems to be relative over-population, 
or what comes to the same thing, food-shortage, owing to 
their food-plants being covered by snow or glaze-frost 

A connection has been suspected between the eleven- 
year cycles and the cycles of sun-spot numbers, which also 
have an average period of about eleven years. The sun- 
spots are a sign of increased activity and energy-radiation 
from the sun’s surface; and this causes magnetic storms 
on our earth, ninety million miles away. Another feet of 
terrestrial climate which seems to be definitely correlated 
with sun-spot number concerns the track of thunder-storms. 
If the tracks followed by heavy storms are plotted on a map, 
it will be found that, in North America, for instance, there 
is in any one year a zone along which the majority of storms 
travel. Now this zone shifts up and down, with consider- 
able regularity, from year to year, returning to the same 
position about every eleven years. Such a shift in the 
storm-tracks will obviously mean a slight shift of the mar- 
gins of all the great climatic zones. It will mean that there 
will be cycles of rainfall, some areas getting more than the 
average every eleven years, while other zones in the same 
years will be getting less than the average ; and this, accord- 
ing to the careful investigations of O. T. Walker, is whet 
actually occurs. The autobiography recorded by trees iii 
their annual rings of growth shows that they, in some situa- 
tions, are under the influence of this eleven-year qrde. Not 
only does this hold for the giant sequoias of Western America, 
but a fo^il Canadian spruce from the Pleistocene shows 
that the Canadian climate in those days, certainly over 
100,000 years ago, was oscillating with this same eleven- 
year period. 

Such changes are likely to have the most noticeable eSbet 
Upon plants and animals where conditions are difficult for 
lif& For instance, a small chai^ in rainfell in a se tttt * 
desert segioi^ will have much mme effect than die s ame ^ 
change in a wHl-wawed country; arid qitite unri} mm* 
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perature-changes in the arctic will have disproportionately 
large e£Fects on the animals and plants which live there. 
Another interesting point that is now emerging is that the 
most important cycle in warm-temperate regions seems to 
be the eleven-5^ear one ; in regions farther north this gives 
place to a ten-year cycle, and in the far north, this again to 
one of about tiiree and a half years. But what may be the 
explanation of this strange fact we do not yet understand. 

The various weather-cycles will have qftrte different effects 
on different kinds of animals, according to the length of 
the animaFs own life-cycle. The short-period cycles of 
three and a half years would only be expected to affect.small 
animals which reach maturity in a year or less. Larger 
animals have lives which are too long to be upset by such 
small cycles. In precisely the same way, the choppy little 
waves which are so unpleasant to the inmates of a rowing- 
boat have no effect upon the bulk of a liner. Even the 
eleven-year cycles will have little effect upon animals like 
deer or zebras. But deer and zebras and others of the larger 
herbivores do have recurrent plagues in wild nature, and 
these plagues recur at much longer intervals than those of 
rabbits ; the very length of the cycles makes it more diffi- 
cult to collect accurate information on them. Some idea 
of the times involved may be gained from the following 
rough calculation. If a single pair were to increase with 
no severe checks, an uncomfortable density of population 
would be product by nuce or lemmings in about three or 
four years, by squirrels in about five years, by rabbits or 
hares in about ten, sheep in twenty, by buf&loes in thirty, 
and by elephants in tifty or sixty years. 

There is one fiir-bearing animal which, as the Hudscui 
Bay Q>mpany’s records show, seems to be exempt fix>m 
ibese periodic fluctnatidhs, ft is the beaver. The beaver 
has made itsdfindepeadant of all the short cydes ofweaffipr. 
It lives almost eniMy upon tbe batk of ifae trees it 
whidi themsdves are so loag-Hved as not to be aflbcted by 
yav^year or even thi|ty‘^y^ cydes. Thdi it constructs 
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remarkable dams and canals which make it independent of 
all ordinary fluctuations in water-supply. And during the 
summer it stores great food-piles of trunks and branches in 
its pond ; thus it can get access to food under the ice, and 
is iimost independent of the severity of winter. 

When it has cut down too many of the trees in the neigh- 
bourhood of one pond, a beaver-community apparently just 
moves on in search of another ; and at the end of summer 
any surplus population scatters on the same quest. It is 
on these treks that beavers seem most exposed to the attacks 
of beasts of prey ; and in a state of nature it is then thdt 
most of the overplus of the beavers’ natural increase is wiped 
out (just as most of the overplus of migratory birds* increase 
is wiped out on their migrations). But with their feeding 
and storage habits, and their normal immunity, safe in their 
ponds and houses, from most enemies, they have no need 
of the rapidity of breeding which a mouse or a rabbit must 
keep up to repair wastage; and so their breeding never 
runs away with them, so to speak, to lead to sudden huge 
increases of number. Then, too, their habits compel them 
to live in isolated colonies; there can never be a dense 
continuous beaver-population over a large area, and so there 
can seldom be an explosive outbreak of epidemic beaver- 
disease. And so the beaver-population (apart from man’s 
inroads upon it) is almost exempt from the wild and rapid 
fluctuations that beset other rodents. It is regulated 
within much •narrower limits and there is less wastage of 
lives. 

There are other animals in which there is a kind of natural 
popu]ati6n control. It is found, for instance, among various 
kinds of birds. Eliot Howard has described and analyied 
tile system in his Territory in Bitd^Life. Ei the breedteg 
practically all small song-birds have the mstmet lo 
std^ out a so to spcdt, to a definite atea or terrilmy 
of considerable extent lliis territory they defend mUm 
JUlTudCTS of the same species, and ofita of alltal 
wd; thty build their nest in it^ and they conSpe ihfiiis^ijhMlif ' 
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mainly to its boundaries in searching for insects and grubs 
with which to feed their young (Fig. 28). 

This ** territorial instinct ” doubtless had its origin in 
the nearly universal impulse to defend the nest and its imme- 
diate neighbourhood against intrusion. It tak^ a great 
many insects to supply the rapidly-growing naked young 
of a warbler or a finch; and any extension of the nest- 
defending instinct to cover a wider area would be of bio- 
logical advantage to its possessor by ifiducing the infant 
mortality of his or her young in times of food-shortage. 

When one kind of bird is unusually abundant in any given 
region, the pressure on space may force down the size of 
territories. But this process has a limit; a breeding pair 
will not tolerate another pair within a certain distance of 
their headquarters, and fighting will go on until one pair 
or the other are forced to leave. In years of exceptional 
abundance, some birds never find breeding-territory at all. 
They may penetrate to the northern limits of the species’ 
range and drift about there in bands ; or they may remain 
celibate in the middle of the breeding population. But they 
do not breed. So here again an upper limit is set to the 
population ; and we dp not find among small birds the same 
violent cycles, culminating in over-abundance and disease, 
that we do in small mammals. 

When population-pressure seeks relief in migration, 
opportunity is given for the colonization of new areas. In 
this way, for instance, every patch of land where locusts 
could possibly breed is periodically explored by their itiner- 
ant swarms ; and the same is true for the crossbill. The 
process is always a wasteful one, and often wholly useless 
to the animal ; none of the myriads of Scandinavian lem- 
mings diat leave their mountain home in emigrating armies 
ever finds 4 new bxeedinE-^und. And all the Painted 
Lady butterflies that reacm England year by year, some^ 
times in abundant swarms, are similarly unprc^ulctive : they 
may attempt to breed, but riny never eswUsh themselves 
in this country* Yet diese scpjuts of the species continue 
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to arrive here in every year of high multiplication. But 
we must remember that Nature is abominably wasteful; 
and also that what is useless in one set of circumstances may 
have some advantage in another. The lemmings of Southern 
Scandinavia are now confined to a restricted zone of a 
narrow peninsula. During much of the Ice Age, however, 
they inhabited the European plains ; and then mass-migra- 
tion might well have brought some survivors into a new 
and favourable region. 

In any case, these periodic ups and downs have a con- 
siderable bearing on our ideas about Evolution. In our 
previous discussion of Natural Selection, we assumed that 
the struggle for existence exerts a more or less constant 
pressure. This is not true for species with violent cycles 
of abundance. When the survivors of a rabbit epidemic, 
for instance, are restocking the country, the struggle for 
existence will be very much lightened ; as abundance in-^ 
creases, pressure on food-supplies will begin, and will slowly 
grow. Finally, when the inevitable epidemic breaks out, 
there is an intense selection at its hands for hardiness and 
disease-resisting qualities. In the same way, in a very hard 
wmter only the lucky or the resistant birds survive. 

In other words, selection itself is a fluctuating thing; 
and many qualities of plants and animals have been brought 
into being only by the intense selection of exceptional years. 
Most of the creatures are not fully tested most of the time ; 
they have a reserve of biological adequacy and could dis* 
pense with this or that adaptation during ordinary seasons. 
But thei\ comes the pinch, and all the reserves are called 
into play. Periodically the species has, so to speak, to psM 
spedd ea^aminations. After a veiy ftivourdble year, its^ 
members are put through a competitive examination first as 
regards their competency to secure food and breeding* 
space, and then a^ rq;ards thdr disease-resistance ; in very 
un&vourable years they are examined on tfatir powm m 
resisting hunger or ihimt and the extremes of tenifieratiirek 
But in between diey have a comparatsvdy e9ty tbm. 
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The relaxation of selection after a catastrophic killing-oiF 
may also have important effects. Characters useless by 
themselves may be useful if they are combined together; 
and in these times of comparative ease the species is able 
to preserve and shuffle its mutations and get the most out 
of them. A concrete case in point is tha^pf Ae Greasy 
Fritillary butterfly. This is a local spe<^, its various 
stations being widely separated. At one place in Ae NorA 
of England where it had been abundant for a number of 
years, it suddenly grew scarce. In 1912 it was rare, from 
1913 to 1920 very rare. In 1921 it began to increase rapidly 
again, and has since 1924 remained at its old abundance. 
During Ae period of its rapid increase, 1921, 1922 and 1923, 
It showed a remarkable outburst of variation, in size, colour 
and pattern. From 1924 on, Ae range of variation de- 
creased. And now it is as constant as it was before the 
War — but not quite Ae same : it is darker, wiA a coarser- 
motded pattern. It looks very much as if, while rapid 
increase was going on and selection was presumably relaxed, 
all kinds of re-combinations made by Ae genes of Ae fe<v 
survivors of Ae previous thinning-out came into being* 

• Then, when population-pressure had brought selection up 
to Ae mark once more, most of Aese were weeded out, 
and only one main type was left — but i#- was not Ae original 
type. AnoAer combination had been adopted. 

But Aese cycles have more than Aeoretical interest* 
There are, for one Aing, commercial advantages in know- 
ledge. Fur-trading companies can regulate their staflF of 
trappers according »to Ae prophecies of Ae ecolqgist, and 
can guard Aemselves against periodic gluts and scarcities 
of pelts. Much more important is Ae medical significaitoe 
of Ae facts. It is well known that rats act as a reservoir 
of bubonic plague^ transmiAng it to human beings by their 
fleas ; and Ae sa*tig is true for other small rodents such ai 
gerbils. It has already been established Aat in Centn^ 
Asia and $ouA Africa Ae incidence of plague in man ^ 
tuaiei^ wi^ Ae abundance of these sm^ manxmala* 

247 ^ 
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year 1910, when a small outbreak of human plague took 
place in the eastern counties of England, was also a year of 
plague and apparently of unusual abundance among English 
rats. In modem conditions, rats are not so ubiquitous as 
they used to be, nor do they come into such close contact 
with man ; prf bably this fact saved England from a much 
more serious visitation of human plague in 1910. The 
early inhabitants of Palestine seem to have had some inkling 
of the connection between rodents and disase- In i Samuel, 
chapters v and vi, we are told that the Philistines, afflicted 
with a grievous pestilence which seems to have been bubonic 
plague, were recommended to make and offer up golden 
images not only of the swellings or buboes, characteristic 
of Ae disease, but also “ of the mice that mar the land.” 
Modem biology has verified this connection in detail, and 
shown the red nature of the relation between the fluctua- 
tions of the species rat and the danger of human infection. 

A recent application of this knowledge probably saved 
South Africa from a serious visitation. The gerbil is a 
common rodent of this and other warm-temperate regions. 
In 1924-5 the gerbils over a large extent of the Union were 
plague-infected, and the area of gerbil-infection was still 
increasing rapidly. In a belt of country south of the infected 
area a war of extermination was waged against gerbils and 
all other plague-carrying rodents, and the epidemic passed 
away before reaching Cape Town and the populous coast, 
owing to the natural dying down of the disease-stricken 
gerbil population to a density at which plague would no 
longer spread through it. 

And it may well be that odier epidemic diseases whose 
comings and goings are still mysterious will prove^td be 
linked with the abundance or scarcity of some obscure 
rodent ; but here only labonous reseai^ can enlighten us. 

Tliese facts help us to realize the real nature of the ordi- 
nary Struggle for life. The careless thinker-about diings 
biological is apt to M under the sway of military ideas a^ 
diink of it as a war between on|e spedes and another. He 

14 » 
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envisages it as a regular battle between an inoffensive herbi- 
vore and its enemies, or a sort of athletic competition be^ 
tween a carnivore and its prey. In both cases he thinks of 
the struggle as something in which victory is to be achieved 
as it is achieved in war or sport. As a matter of fact, it 
is nothing of the kind. A herbivorous fpecies without 
carnivorous enemies would tend to overpopulate its terri- 
tory, would become diseased and under-nourished, would 
condemn itself to starvation by eating down its own food- 
supply; a carnivorous species again which was restricted 
to one kind of prey, and a kind it could too easily cat(^ 
would inevitably bring its own race to extinction by eating 
itself out of existence. To multiply and replenish the earth 
unchecked may be only the prelude to decay and extinction. 
Both of these eventualities have, through the interference 
of man, been realized. When red deer were introduced 
into New Zealand, they throve on the succulent forest and 
bush and multiplied exceedingly owing to the absence of 
all carnivorous enemies. But after a few decades they had 
changed the face of thdfcountry where they were abundant, 
and to-day the fine heads and heavy beasts are found only 
on the outskirts of the deer’s range, where they are sdll 
advancing into virgin country. Elsewhere the herds, living 
on scarce and inferior food, are full of stunted spedmens 
with malformed anders, and the authorities have been forced 
to play the part of natural enemy, and to adopt a rigorous 
policy of periodic thinning-out to save the stock. 

For a carnivorous instance of the evil of easy living we 
may quote from Elton the curious case of Berlenga Island, 
off the coast of Portugal : 

This place sui^rts a lighthouse and a lighthouse-keeper, who 
was In ibt habit of growing vegetables on the island, but was phgued 
by rabbits whidi l»d been introduced at some tiiM or other. He 
ato had the idea of introducing cats to cope with the titnatiOA— 
whidi they did so effectively that diey ultimately ale up every iingh 
rabbit on die^ island. Having succenled in this, the cats ttarved tO 
dekth, sioce there were no omer edible anjmiili on Ae iabkndL 

%49 
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We are often told that it is very important for children 
to select their parents wisely. It is becoming clear that a 
wise choice of enemies is an asset to an organism ! One 
can hardly, perhaps, speak of an animal’s enemies as part 
of its adaptations, but at least they are vital to its survival. 
In almost every case the word enemy is only applicable when 
we are thinking in terms of individuals: as soon as we 
think of species, the individual “ enemy ” often turns out 
to be a racial benefactor. 


a,p 



CHAPTER VI 


LIFE UNDER CONTROL 

§ I. The Balance of Nature. 

^ 2. Pests and their Biological Control. 

§ 3. The Beginnings of Applied Biology. 

§ 4. The Ecological Outlook 

§1 

The Balance of Nature 

T he fluctuations in animal numbers we have been 
discussing give us new insight into the tangled 
web of inter^tions summ^ up in the phrane 
“ The Balance of Nature.” A few further instances of the 
swaying of that balance may be interesting and profitable. 

Change in one member of a life-community may transform 
the whole community into something else, as surprisingly 
as an increase of thyroid secretion will transform an axolod 
into a land salamander. A classical case is that described 
by Ritchie in his interesting book, The Itfluence of Mm on 
Animal Life in Scotland, It concerns a sm^l stretch of moor 
in Southern Scotland. When the story begins, this wa$ 
covered^ with heather, and tenanted by typical heather-moor 
creaturot such as die red grouse. In 1^2,' a few prim of 
black-headed gulls came to nest tfaete. TUs was probably 
the result of a gmeral increase in the numbers of diek 
but what produced this increase we do not know* Whmevet 
the reason, die hct was the startmg*^point for an inliicw 
chain of cai^ and eflSxt The owner liked die gulls 
pi 6 tected diem, with the result that by 190$ dam law a ' 

if* 
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nesting colony of over 3,000. The trampling of the birds 
was bad for the heather, while their constant manuring of the 
ground changed the character of the soil. The result was 
that the heather vanished altogether, its place being taken 
first by rushes and later by coarse dock-like plants. Pools 
of shallow water formed here and there. With the heather, 
the grouse disappeared, while the pools attracted teal and 
other duck. In 1905, protection was withdrawn from the 
gulls, their nests were robbed, and they%ecreased rapidly, 
until by 1917 there were only a hundred or so of them left. 
The heather had re-invaded most of the ground, the pools 
were drying up, the teal had gone, and the grouse were return- 
ing. Thus in twenty-five years the ground and all its plant 
and animal inhabitants had changed completely, and then 
changed back again. 

Another well-analysed case comes from the Brecklands of 
East Anglia. The natural dominant vegetation of this strange 
barren country seems to be low pine-wood. Wherever the 
trees for one reason or another fail to grow, dry heather- 
moor takes its place. Patches of thick-growing bracken-fern 
and low-grass headi also exist. The most abundant of the 
vertebrate inhabitants is the rabbit. 

Rabbits are not indigenous to England. After the Ice Age 
they failed to reach it before the Channel had put a bar 
between it and the rest of Europe. They were certainly not 
introduced before the Neolithic Period, and many authorities 
believe that they were not brought over until after the 
Norman Conquest. However intr^uced, during the Middle 
Ages they were protected in warrens for the sake of their 
sldns, but eventually spread and multiplied as they have in 
other countries. Their attacks on the pine-seedlings, to- 
gether widi die clearing and felling due to man, have swept 
the natural pinewood off the plateaux, and left heather to 
take its place. A natural equilibrium was soon established 
between rabbits and their enemies such as stoats and weasels, 
and lasted for centuries. OF recent years, however, civiliza- 
tion in general and game^prejserving in parda^ have 
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enormously reduced the number of these carnivores, and 
the rabbits, relieved of this drain on their numbers, are 
increasing towards a new equilibrium of much greater abund- 
ance. The resultant “ rabbit-pressure ” is in its turn having 
striking effect upon the vegetation. Wherever the rabbits 
have access to pinewood, it fails to reproduce itself, and its 
place is taken by heather. But the heather, which could 
stand a certain density of rabbit-numbers, itself melts away 
when their concentration rises above a certain point It is 
eaten down, and gives place either to rush or to grass-heath. 
If rabbits are not too abundant, the outcome is decided by 
the nature of the soil ; but once more the animals have the 
casting vote. *If the pressure for subsistence is great, they 
attack the rushes, and these too are replaced by grass-heath. 

The grass-heath itself is badly attacked by the rabbits; 
it is stunted and nibbled down close ; and yet it can survive 
where the rushes and heather die out. As Farrow says: 
“ The grass-heath owes its very existence to an extremely 
injurious influence which nevertheless greatly benefits it 
because it injures its competitors slighdy more.*’ Increasing 
rabbit-pressure, it will be noticed, progressively reduces the 
height of the vegetation. Pine-trees yield to bushy heather ; 
heather to scrubby rushes ; and rushes to the mere carpet 
of the grass. In normal circumstances the advantage given 
by height in the struggle for light and air causes a sucoession 
from low to tall plants, culminating in forest ; and this is 
what happens^in Breckland wherever rabbits are fenced out 
But with intense rabbit-pressure, the contrary is the case, 
and the plant which can live and reproduce though cropped 
down to a mere inch or so will survive. 

A complication is introduced by the bracken; for tfais^ 
though tall and juicy, is distasteful to rabbits, and diey leave 
it alme unless very hard put to it As a consequence a 
miniature jungle of bracken is spreading rapidly over the 
landscape. Should it come to cover most it oountryi 
the rabbits would be confronted by a new problem; lli^ 
would have to eat bracken or starve.* Th^ would cal It; 

m 
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and so a new tilt would be given to the ever-unstable 
balance. 

Thus the destruction of weasels and stoats has set the 
different kinds of plants advancing and retreating, marching 
and counter-marching, over all Breckland, and it is only 
because they march by yards in a year, instead of miles in a 
day, that their movements do not strike us as immediately 
and forcibly as the manoeuvres of troops or the migration of 
birds or lemmings. 

Both these cases provide good examples of a general 
principle — that change in life-communities goes by jumps, 
even though the change in conditions alters slowly and 
gradually. A change m the number of rabbits does not 
merely alter the proportion of pine-trees and heather-bushes 
and rushes and grass plants, but causes the total replacement 
of one kind of plant by another over a stretch of country. 
This is simply a particular aspect of the familiar fact of 
dominance, which we meet with in every plant-community. 

Of the subtlety of the web’s weaving, whereby a twit<i 
on one life-thread alters the whole fabric, many writers have 
told us. A very simple case is the connection of ravens with 
sheep-farming. In early spring the staple diet of ravens on 
the Scottish hills is afforded by the afterbirths of the ewes 
that have lambed. If sheep-fia^ming ceased to be practised 
in Scotland, the number of ravens would go down with a 
bump. 

A more curious example is the Box and Cox habits of 
mongooses and gerbils. The gerbil, a social creature, is a 
little burrowing rodent of the South African veldt; the 
yellow mongoose is a stoat-like carnivore inhabiting the same 
regions. Both retreat underground for safety; and it 
frequently happens that they live side by side, or even shatt 
some burrows and runWsiys ih common. Usually, however, 
their two streams of life do not come into more intimate 
contact, for die mongooses coipe out to feed hy day and onfy 
use die burrows to deep in at ni^d^t, while the gethib sleep 
ihrot^h the dayB^t and ate pu^ nodn^ feeders. 
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However, when the gerbils are smitten, a$ is the &te of 
small rodents, with epidemics, they often crawl miserably 
out of their burrows by day, and men are caught and eaten 
by mongooses. One of the most frequent diseases of gerbils 
is bubonic plague. The ecologist accordingly examines the 
excreta of the mongoose ; when he finds gerbii fur in them, 
he knows the gerbils are dying of some epidemic^ and that 
this is more likely than not to be plague; and so he can 
either pursue his investigations further to make sure, or he 
can at once, though with a chance of being mistaken, recom- 
mend human precautions. 

Many people have heard of Darwin’s celebrated example 
of cats and clover. He pointed out that red clover, an 
important forage-crop, was absolutely dependent for its 
fertilization upon the visits of humble-bees, hive-bees not 
having a long enough proboscis to reach the nectar. Humble 
bees make undeiground nests in banks and slopes ; and these 
nests are often raided and destroyed by field mice, one 
observer estimating that this fate befalls over two-thinls of 
all the humble-bees’ nests in England. The number of field- 
mice, especially near villages, is partly controlled by cats* 

* And in this way, said Darwin, a decline in the number of cats 
would bring s^out a reduction in the amount of seed set 
by red clover. 

Modem ecology is inclined to criticize this statement so 
far as cats are concerned. It would need a vast multitude of 
cats to affect the mouse population very seriously. On die 
other hand, there is undoubtedly a close connection between 
the mice and the bees ; so that the ups and downs of the 
mouse population will certainly affect the crop of dover-seed* 

Miss Turner, the well-known student of bird-ltfi^ has 
pointed out the connection between the growdi of motor 
traffic and the decline of certain species of bird. Soniednu% 
as we all know, this connection is obvious enough Use 
spacrow has almost vanished from the central parts of mMy 
American towns now that he is deprived of hotso A ppfd^ 
Slid smtmibd ginin fixmi nose- Bm hetnit a sididisr, 
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chain. In those remote days (a quarter of a century ago) 
when horse-buses were the Londoner’s main means of trans- 
port, much of the horses* fodder was supplied from Norfolk. 
The rank marsh-grasses were regularly cut, ground into chaff, 
and sent off to the omnibus companies in London. The 
marshes that were cut in any one year provided ideal nesting- 
grounds for small waders and plovers the next season. 
To-day there is no market for marsh-grass. It grows dense 
and tall, and often is replaced in natural pifpicess of ecological 
succession by thick sedge. The snipe and redshank and 
plover can no longer force their way through this coarse 
tangle ; and so fewer of them can breed in Norfolk and their 
races decline there. 

Sometimes these obscure linkages have important practical 
results. As we have pointed out, the blackberry, imported 
into New Zealand, has there changed from a harmless weed, 
which compensates for its thorns by its contribution to jam, 
to a real pest But it is doubtful if it would ever have done 
so but for the introduction of European birds into the country. 
Some of these, notably the starling, devour its fruits, pass 
the seeds out undigested, and thus multiply its power of 
dispersal. Without this aid the invasion of new territory 
would probably have been so slow that the plant could easily 
have been kept in check. 


§2 

Pests and their Biological Control 

All over the world man has been busy making difficulties 
for himself. The crowding of human beings into cities^ 
like the crowding of animals in their times of over-multiplica- 
tion, give new openings to disease. The dty is the fosterer 
of oommeroe and ardiitectute, of learning and the arts; 
but until it is disciplined and controlled, it is also die oppor- 
tunity of the bacterium. Freedom of intercourse and com- 
munication stimulates both trade and tfaou^t; but it gives 
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disease-germs new facilities for rapid spreading, as when the 
opening up of Africa brought sleeping sickness across from 
the West Coast to the East Thus the growth of civilization 
has been marked by a trail of plagues, more explosive and 
more widespread than anything which primitive man can 
have experienced. 

Agriculture brings similar difficulties. City life crowds 
and agglomerates human beings. Agriculture crowds and 
agglomerates single kinds of plants and animals; and the 
more thoroughly and intensively it is practised, the denser die 
agglomerations and the more unnatural the massing. This 
crowding not only gives new opportunities to the fungi and 
bacteria and protozoa that are the causes of most animal 
and plant diseases, but is an open invitation to insects. This 
is notably so in the tropics, where insects are more abundant 
and their life runs quicker. Tropical agriculture, though it 
gives promise of huge additions to the world's supplies of 
food, is not merely an invitation but an incitement to insects. 
And the greater the excellence of communications, the more 
chance of introducing lurking and often unsuspected pests 
from one part of the world to another — rats and earwigs, 
forest-devouring caterpillars and crop-choking weeds. 

Again, the bringing in of the products of one region of the 
globe to supply the natural deficiencies of another is an 
obvious way in which man may improve upon nature. One 
has only to think of the food and recreation now abundantly 
provid^ in many previously barren mountain streams of the 
Rockies and the Bighorns by the introduction of trout, or 
the beautification of Europe or American gardens by the 
flowers of China and Soutii Afirica. But here almost more 
than anywhere else it behoves the would-be bene&ctor of 
humanity to proceed with caution ; if he is not careful he 
win do infinitely more harm than good 

Of late years, considerable progress has been made wid 
a difficult art— the biological control of pests. The art Iteclf 
is very old — at least as old as the habit of keqiiiig cats le 
kfll mice — but recently it has been gready nsfined and*^ 

M7 
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elaborated* Almost invariably, a pest is an animal or a 
plant which has been introduced, whether deliberately or 
accidentally into a new country. Among the few exceptions, 
one is so interesting that we must dte it. The kea of New 
Zealand is a large and more or less omnivorous mountain 
parrot. Some time after the introduction of sheep into 
New Zealand, it was found that the kea in certain regions 
had taken to sheep killing. They sct^d on the sheep’s 
backs and tore away with their powerful beaks until they 
exposed the wretched animals’ kidneys, which they devoured, 
kiUing the sheep in the process. Presumably they must have 
originally misi^en the sheep for moss and lichen-coveted 
rocks, and in scratching for insects, have found warm meat. 
In this case it was the introduction of new food which turned 
a harmless creature into a pest. A similar though less striking 
example comes from Africa. The birds known as ox-peckers 
were adapted to picking parasites from the tough hides of 
rhinoceroses. VS^en domestic cattle were introduced, the 
birds turned their attention to them too. But here they often 
penetrated the skin. When the flesh is thus exposed, they 
seem not averse to it, so that they too are on the way to 
become a nuisance. 

When new species are introduced into a country, few will 
find themselves in the same balance as in their old home. 
For the majority, things will be unfavourable ; they fall to 
gain a footing, and some disappear. Now and again, how- 
ever, the introduced species chwees to be better suited ; and 
then its numbers will go up, often flu: beyond an^^ing 
possible to it in its native country ; and not inflequendy its 
abundance will force it into dianged habits. The starling 
in America has spread steadily since its introduction, and is 
redudxig the nuttibers ofmai)^ hole-breeding American birds 
by occupyh^ so m^y of ihe Ihnited supply of nesting sites. 
And once its population-density oversteps certain limits it is 
forced to change its food h^^ and does a good deal of 
damage. In moderate ntimfii^ starlings (and die same is 
true & a number odier do good, m balance 
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in great numbers they do harm. The eanrig, a mere nuisance 
at home in Europe, has become a voracious and serious pest 
in New Zealand and the Pacific Coast of America, where some 
States have even set up special Bureaux of Ear^g Control. 
The thistle was introduce into California by a Scotsman 
who wished to have his native emblem growing on his land ; 
but it multiplied and infested the lands of everyone else. 
Another patriotic Scot in New Zealand built a fence round 
the first thistle that appeared on his farm, to protect it from 
possible enemies ; but it was the advance-gua^ of a formid* 
able invasion. Thompson's interesting book. The Aceli* 
melti{ation of Plants and Anitnals in New Zealand^ is full of 
similar examples of misguided zeal. English sparrows, for 
example, were introduce so that their matutinal chirpings 
might help the early colonists to forget their home* 
sickness. 

The musk-rat, a water-rat measuring about a foot from 
tip of nose to root of tail, is a native of North America. 
In 190J, three females and two males were introduced to 
an estate near Prague so that they could be farmed for their 
fiir. Some of their descendants escaped and the resulting 
musk-rat population expanded with almost e7q>losive violence* 
In 1927 it was estimated that about a hundr^ million musk-* 
rats were established in Central Europe, all descendants of 
the original five. They do untold damage by undermining 
the banks of rivers and canals. With the same ol^ect in 
view the a nimals have been introduced into England, where 
in many districts they have become a serious pesL 

Not infrequently, notably widi insects, the devastating 
increase of an intrc^uced species is due to its having arrived 
without its proper parasite enemies. If die ri^t parasttes 
can be found and turned out in quantity, die mheing oofitiot 
is Resumed, and in a very short time the pest is 
harmlessness, or at least manageability* Aspodcweitiiiit 
of die Gipey Modi, Lymantria is ■ t w tS ild 

enemy to tr^ md even in its native Eorope it iriK fion diwt 
to time enter iqioo a period of OB^er^mall^ S Qi doRr tiwI 
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enormous damage to forests. But in America, where it was 
introduced in the late nineteenth century, it threatened to 
develop into a new Plague of Egypt. Over wide stretches 
of country it stripped every tree of its leaves, and when the 
trees were finished, the hungry armies of caterpillars came 
down to earth and took to eating the herbs and flowers. An 
extraordinary sound fills the forest when the caterpillars are 
at the height of their abundance. Even cm the stillest day 
there is a continual rusding patter ; it is thef sound made by 
their innumerable droppings. 

It was found that the moth had succeeded in entering the 
country without any of its insect parasites ; when three of 
the commonest of these were imported they imposed a new 
equilibrium on the population of the species, and it became 
no more of a pest in America than in Europe. 

One of the most striking examples of biological control 
comes from the Fiji Islands. Here, as on so many of the 
islands of Oceania, the coconut palm is one of the most 
important of vegetables, yielding not only many products 
for local use, but also the valuable coir fibre and the still 
more valuable copra, in which there is an extensive trade. 
Towards the end of the last century, the coconut plantations 
of Viti Levu, one of the two large islands of the Fiji group, 
began to fail. All sorts of soil investigations were made, 
but it was not for some years that anyone thought of looking 
for an insect enemy. It disclosed itself as soon as looked for 
— a lovely litde purple-winged moth whose caterpillars 
devoured the leaves. The pest grew worse and worse* 
until in some plantations the trees were reduced to bare poles. 
So far the pest had been confined to the one island ; then 
suddenly in 1922 it appeared on ttro small islands on the 
way between Viti Levu and Yanua Levu, the other big piece 
of land in Fiji, whose annual coconut crop was woi% half 
a million sterling ; and in 1923 took a further step to a new 
idand. The peters now b^an to feel deq)etate. Th^ 
offered a prize of £5,000 for a cure for die fist; but on its 
being pointed out to them that such a discovety would 
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inevitably be the result of many men’s brains, ivisely changed 
their plan for one of deliberate research. 

It had been discovered that the coconut moth in Fiji was 
exempt from parasites. Three entomologists were set the 
task of finding a parasite for it. They searched the coasts 
of the Pacific ; and one of them in Malaya found a related 
moth which was parasitized by various enemies, the most 
important being a certain kind of fly. The next step was 
to get the parasites to Fiji. This was not so easy, as they 
do not hibernate. However, by chartering a steamer to 
make a special voyage direct from Malaya to Fiji, 300 flies 
were brought over in 1925. By twelve months later over 
32,000 flies had been bred and set free, and by 1928 the fly 
had not only established itself wherever the moth was to be 
found, but was attacking between seventy-five and ninety 
per cent, of the caterpillars. From Java two more parasites 
were introduced later, a second fly to prey on the caterpillar 
stage and a tiny wasp-like insect which is a parasite of the 
eggs. The result, three years after the first parasites were 
liberated, was that the moth had become quite rare, and that 
at a total cost of a few thousand pounds an important industry 
had been made safe, from one fatal enemy at least, in 
perpetuity. 

In Puerto Rico, the sugar-crops were being ruined by 
beetle grubs. But the situation was saved by the importadon 
of giant toads from Barbados and Jamaica. Here we have 
an instance of the introducdon, not of a parasite but of a 
predator. 

This kind of work has its difficuldes as well as its triumphs* 
The sugar-cane borer is^ litde weevil that was doing a vast 
deal of diamage in Hawaii in the early years of this century* 
Muir set out to find a parasite, and eventually, after over two 
years of hunting round the Pkdfic, discovered one in 
Amboina, off the coast of New Guinea. But Ambofaia is 
4»doo miles from Hawaii ; ami the fly has a dhort Bfe-cyd^ 
apd is very diflkult to breed in cages* Eventually, after a 
number of fiulures (for instance, Muir devdoped typhoid til 
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sea, when travelling with his flies, lost them all, and was 
forced to go back to Amboina and begin all over again), the 
fly was brought to Hawaii by stages — ^first to Queensland, 
where a new generation was bred, then to Fiji for a second 
generation, and so to HawaiL Once it was introduced in 
Hawaii it soon reduced the sugar-cane weevil from serious 
pest to minor nuisance. 

Biological control of plant pests is possible, though 
both more difficult and more risky, ibu have t6 find an 
insect which will eat your weed and preferably nothing else ; 
at any rate it must not eat anything of use or value. By the 
aid of this ally you may arrest the spread of your pest, and 
then can proceed to measures of destruction — up-rooting and 
the like — which are of no account whatever when the plant 
is in the full tide of its unnatural increase. 

Considerable progress has been made by this means to- 
wards checking the onward march of the prickly-pear in 
Australia. It was at one time suggested that the spines 
should be burnt off and the plants used for feeding cattle ; 
but it was pointed out that the annual increase of pri Aly-pear 
was considerably greater than the eating capacity of all the 
stock in Australia ! It was eventually decided that the only 
hope lay in biological control. A well-financed scheme of 
research was brought into being in 1920. Entomologists 
scoured the United States, South America and the West 
Indies for enemies of prickly-pear and related kinds of cactus. 
For these a breeding-station belonging to the Australian 
Commonwealth was set up in Texas, and spedaLmethods 
of transport were devised. Among the dozens W msects 
nied ou^ four main kinds have beei^ibeiat^ a laige scale 
^-caterpillars of the moth Cactoblastis that tunnel ^roug^ 
the plant; plant-bugs, and ^cfaineal insects which suck Us 
juioes, and the red spider (really a mite) whidi nibbles 
tt$ sur&ce. These are all oopfined to piickly-peart and 
actually starve to death op 'wy other phnt^ So naprowly 
spedahxed ate their feedUq^habits. 

. With the aid of diesf asax^Uaries, die progteas of diis 
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unpleasant vegetable has now apparently been checked* 
Australian land is no longer being covered with impenetrable 
prickly scrub to the extent of a thousand square miles (an 
area over the size of Warwickshire) every year ; and Austra- 
lian civilization has a breathing space to look round for other 
insect weapons to complete the pests' destruction. 

To help in this work of biological control, special labora- 
tories have been established in many countries. Perhaps the 
most remarkable is one near London attached to the Imperial 
Bureau of Entomology. In this “ Parasite Zoo," biologists 
work out the methods of rearing all manner of insect parasites, 
and ship them in bulk to all parts of the British Empire as they 
are required. 

But biological control is not always practicable. It is 
rarely possible, for instance, for man to employ vertebrates 
as his auxiliaries in this way, for the simple reason that they, 
with their more plastic nervous systems, will not consent to 
remain tied to one kind of food after the manner of so many 
insects. They have the habit of switching over even from 
their favourite diet, should it grow scarce, and taking to 
another which happens to be more abundant. 

This habit has obvious dangers where a mammal, for 
instance, is introduced to cope with a pest The most 
celebrat^ case of this kind is perhaps that of the mongooses 
introduced into the West Indies to cope with a plague rats. 
They reduced the rats to a certain extent, but as the rats grew 
scarce, turned their attendon to other creatures, espedally 
wild birds and poultry ; and speedily became a pest almost 
as bad % the cme they had removed 

For ^ts with a complicated life-history, increase of know- 
ledge may sometimes reveal unexpected methods of control* 
There is, for example, a disease of the white pine, known as 
bijster-rust, which may inflict great eccmomic loss* This, Hke 
odber rust diseases, is caused by a fiingus which reqnlref 
two hosts to complete its cyde of reproduction* The wt^ 
l^is the^fiistj the second is wild gooseberry. 
cfpcirpaie wBcl gooseberries, we can get rid of M 
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surely as we can stop men and women having malaria by 
extirpating certain kinds of mosquito. This can be under- 
taken by direct methods. But a study of ecological 
succession has shown how good forestry will help on the 
extirpation. Where a clearing in the forest (the matter has 
been studied in New England and the Adirondacks) is left 
to itself, the first stage of weeds and shrubs gives place after 
a year or so to shrubs and bushes, among which the wild 
gooseberries find a place. And these ar#-succeeded by a 
forest stage, with white pine, maple, and other trees. Now 
the seeds of the gooseberry are dispersed in the droppings 
of fruit-eating birds ; and it so happens that when the forest 
stage is reached, these gooseberry-eaters no longer find the 
place to their liking, and depart for other clearings. The 
gooseberry plants still manage to survive under the shade of 
the trees, but in the absence of their natural disseminators 
they do not spread and multiply. It is only in open shrubby 
clearings that they can increase. The proper reforestation 
of cut-over parts of the forest, with a little judicious weeding 
amopg the young trees, will help reduce the gooseberry 
bushes, and so the rust. 


§3 


The Beginnings of Applied Biology 

In these and many other ways, man is beginning to turn 
his all too scanty knowledge of the ecological web to good 
account. Apart from economic difficulties, mo(||^of the 
problems wffich agriculture has to face, and many* of those 
which beset medicine, are problems in applied ecology. Thif 
is especially so in new countries and tropical climates. 
Knowledige is already so diyetaified that we partition up the 
task among a panel of spedaSsts — soil chemists, entomolo- 
gists, experts in moulds and fungi, agronomists,, foresters, 
bact^ojogists, public-health e3q)erts. But the problems 
interlock and shift from hcM to another. 1^ ento- 
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mologist, faced by a disease of crops, will make it his business 
to look for insects ; he may find them all right — and yet their 
undue abundance may be only the S 3 anptom of a weakened 
resistance of the plant, due to an attack of fungus, or to 
wrong methods of cultivation. The control of sleeping 
sickness, malaria, and yellow fever, we now know, depends 
upon a knowledge of the numerous species of tsetse-flies 
and mosquitoes and a full understanding of their habits. 
Medicine here would be helpless without the museum 
systematist with his vast collections, and the field entomolo- 
gist, busy observing the insects* ways. 

But even ecology, wide though it be, is not wide enough. 
Physiology and genetics, embryology and bio-chemistry and 
other sister sciences must also join in the counsels of 
applied biology if she is to rise to the level of hei 
opportunities. 

As J. B. S. Haldane has pointed out in his Daedalus^ 
biological inventions have up to the present been few, and 
most of them were made before the dawn of history. 01 
these early achievements there is the domestication of animals, 
and the domestication of plants that we call agriculture. 
There is the utilization (doubtless not made without the over- 
coming of much sacred repugnance) of the milk of other 
creatures ; there is the harnessing of yeasts and bacteria to 
make alcoholic drinks and vin^ar and curds and cheeses. 
Perhaps, as he suggests, legends like that of the Minotaur 
hint at widespread and string essays in hybridization; 
whatever the truth of this, certainly the discovery that stocks 
of ankilpB and plants could be improved by crossing and 
selecdo^ however unconscious the methods may have been 
at the start, is to be reckoned as another 'great btolo^cal 
invention. So was the idea of the rotatim of crops ; so 
yms die. practice of grafting ; so was irrigation ; so was die 
employment of castration to render domestic animals tamer 
and flitter^ and so, too, was die ddiberate practice of s af get y » 
Mdieeedi^tebac^ to prehistoric times; and from dieo mm 
qvtite lately the tide ck bioki^Gal invention stagnaied; mf 

265 



THE DRAMA OF LIFE 


progress lay almost wholly in the improvement of what 
already existed. 

The eighteenth and nineteenth centuries saw the tide begin 
to flow again. There was the discovery of artificial insemina- 
tion by the Abb^ Spallanzani ; the use of chloroform as an 
anaesthetic by Sir James Simpson ; the invention of artificial 
manures by Liebig ; Pasteur’s discoveries about immunity, 
which made it possible for some diseases p^iOusly thought 
intractable, like rabies, to be cured, and others, like typhoid, 
to be deliberately prevented; the utilization by Lister of 
Pasteur’s discovery that putrefaction was caused by living 
bacteria, to give the world antiseptic and then aseptic surgery ; 
the invention of new methods of controlling diseases, such 
as yellow fever and malaria, made possible by the discoveries 
of Manson, Ross, and Grassi as to the r61e played by insects 
in their transmission ; the discovery of how to isolate and 
bottle up the active prmdples of the organs of chemical 
control, such as thyroid and adrenal, for use whenever needed 
— these are some. Anodier biological invention of this 
period must be mentioned, and that is the invention of safe 
and simple methods of preventing conception ; for whether 
we approve or disapprove of their use we cannot but admit 
that their invention opens the door to momentous con- 


sequences. 

Matters are moving a little more quickly in this twentieth 
century. Neither Loeb’s great discovery of how to make 
\infertilized eggs develop, nor the equally remarkable dis- 
covery of tissue-culture, has as yet received any^ractical 
application. But we have made a beginning with lbs busi- 
ness of biological control of pests ; we have begun to supple- 
ment the empirical practices (often admirable in dieir way) 
of the plant- and animal-br^er with the application of 
MendeUan principles ; and in a few places we have made a 
timid b^inning in applying our knowledge of hmdity to 
the improvement of our own species. We date making 
steady progress in the task of finding a drug which will 
produce hmtfay sleq> without fvil after-efiecis. The dis^ 
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coveries concerning vitamins and mineral salts and food- 
balance are making possible the invention of a healthy diet 
for city-dwellers ; those concerning the effects of ultra-violet 
rays and radiant heat are on the way to give us healdiy houses^ 
and in time, let us hope, fogless towns. And we have had 
the invention of a method, however imperfect as yet, for 
rejuvenation. 

The list, it will be perceived, is not a long one ; and it is 
out of all proportion to the biological imaginations of man- 
kind. Man has dreamt of prolonging his life ; of controlling 
the destinies of society as he can now control a business or a 
machine ; of eliminating pain ; of building a new race, all 
of whom should be strong and beautiful, clever and brave and 
good ; of harnessing the forces of life to work for him as 
effectively as he has harnessed the forces of lifeless matter ; 
of creating living matter anew; of getting rid of disease; 
of making synthetic food and drink and substances which 
should stimulate and enlarge this or that faculty without 
being followed by depression or injurious effects ; of fashion- 
ing new kinds of animals and plants as easily as he fashions 
clay or wood or metal ; of painless, quiet and happy dying ; 
of the abolition of fear and worry, cruelty and injustice ; of 
an intensification of human capacity for living— the abolishing 
of fatigue, the enhancement of vigour and enjoyment ; of 
making life yield happiness, or if not happiness, then joy and 
divine discontent 

Those are dreams that depend for their realization on the 
sdences of life ; and what a paltry beginning we have as yet 
made wi|lh their realization ! This is in part due to our 
refused tb use the knowledge already available to us ; but to 
a greater extent it is due to a lack of knowledge. Without 

a thorough knowledge of the abstruse and appaiendy 
academic principles of physics and (hemistry not a 
lootor-car or wiidsss set, alone an aeroplane or a tetevisiOfl 

apparatus, could ever have been built ; and we must ^ |o 
Imowmuch more about the diemistry and jdiystcs of ttvitig 
maber, its psychology^ the laws of its hetedi^, die 
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development of its body and its mind, before we shall be 
able to satisfy man’s biological ambitions. 

We may give one or two examples of the way in which 
the problems of applied biology are opening out. Let us 
take first the problem of the world’s grass. The story begins 
with the veterinary surgeons. They told of diseases which 
mysteriously affected cattle, pigs, sheep and horses, their 
growth and condition, their fertility, and tjj^ir yield of meat, 
milk or wool. Eventually these diseases were traced to a 
deficiency of diet; the animals were not getting enough 
mineral salts in their food. Sometimes it was iron that was 
deficient, sometimes iodine ; not infrequently calcium, and 
most often phosphorus. Vast tracts of land in Africa, in 
Australia, in the west of Scotland, in the United States, are 
short of one or other of these vital elements. 

Wild animals could thrive and reproduce in these regions 
because in nature a balance is automatically struck; the 
country carries what it can carry. Moreover, when the 
animals die, the materials of their bodies return to the soil. 

When man comes on the scene, matters are altered. He 
crowds the country with animak. He hurries up their 
growth and increases the demands they make on the soil. 
A modem cow gives about a thousand gallons of milk at 
one lactation period, and produces her first calf at about 
three years ; the native catde of Africa do not breed till 
they are six, and yield at most 300 gallons of milk at one 
lactation. And too often he ships ofiF the meat, bone-meal, 
cheese, leather, and wool without putting anything back 
in the soil. He forgets that all their mineral ingredients 
have come out of the soil. A country that is exporting 
grassland" products is also exporting grassland fertiUty* 
Thm am large areas which ai«^ naturally deficient in minerals ; 
but man has been creating mineral deficiency over other 
arid vaster areas. 

In untamed country, ammals, wild and doiftestic, may 
make up for mineral defects by making periodic journeys 
to salt-licks and storing tiiek systems with tiie elements 
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they need. But when the lands grow settled, fencing 
interferes with these pilgrimages, as it has, for instance, in 
Kenya. 

Once the diseases of catde had drawn attention to this 
problem, research pursued clues in new directions. It was 
found that the amount of calcium or other mineral elements 
in the soil which was enough to prevent disease was not 
nearly enough to allow animals to give their maximum 
yield. Most pastures can have their stock-carrying capacity 
materially increased by adding mineral fertilizers. TTien^it 
was discovered that different grasses were by no means equal 
in their demands and their performance. In some dry 
countries, if you provide the right brand of salts and the 
right breed of grasses and clover, you can without irrigation 
turn a mean, scrubby pasture into a rich sward. You can 
breed grasses which will grow twice as fast as ordinary wild 
grasses. You can import new breeds of grass as you now 
introduce new strains of maize or wheat. In New Zealand, 
for instance, there are no indigenous animals that graze; 
and when cows and sheep are introduced the native grasses 
fade out under the unaccustomed nibbling. The New 
Zealand pastures can only continue productive if the right 
sward-plants are imported. Science is now making a 
resolute attack on the problem. Co-ordinated work' like 
that of the Grass Research Station at Aberystwyth is making 
a good beginning ; from these Welsh uplands new varieties 
are destined to be sent all over the world- 

We have already bred animals that can build meat and 
milk ailjd produce new meat-and-milk machines like them-* 
selves twice as fast as the wild representatives pf dieir species ; 
if we take half the trouble widi the genetics of grass and 
clover which we have already taken with wheat and com, 
we can make pasture that grows twice as fast as the average 
pasture of to-^y ; and if we pay attention to the dementary 
diemistiy of the sofl, we can ensure diat this doubled 
demand shall be satined. The value of products ^adudl 
come out of grassland is enormous— as mu^ as that of d} 
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our cereal crops together. If we like, we can double or 
treble this enormous yield. 

From grass we may pass to wheat. The wheatfields of 
the world (we are citing Sir Frederick Keeble’s Life of 
Plants) cover about 400,000 square miles, and the average 
yield is about thirteen bushels to the acre. A bushel of 
wheat weighs some sixty-three pounds, so that this amounts 
to just about 100 million tons. There a]^f,625 calories of 
energy-value in a pound of wheat, and the average number 
of calories needed to keep a man going for a day is about 
3,000. So, if we translate our wheat into terms of energy, 
and ** if man could and did live by bread alone, the wheat 
crop of the world would each year provide sustenance for 
wellnigh 300 million men.” 

No wonder that the world’s wheat-belts are important. 
They can be made more important in various wa)^ — ^by 
improved agricultural practice, by breeding disease-resistant 
strains, and so forth. Here we will only consider one way. 
They can become more important by being made to grow 
larger — through the breeding of special strains which will 
creep up towards the pole by growing and ripening earlier. 
Every day taken off the average time needed for a wheat 
to ripen means so many more miles advance of the wheat- 
belt northward. 

In the early years of the present century the three Saunders, 
father and two sons, bred a new wheat called Marquis. It 
ripened a week to ten days earlier than Red Fife, which had 
been for years the staple Caz^adian strain. Between 1911 
and 1916, Marquis superseded Red Fife, and the limit of 
wheat-farming was pushed fifty miles to the northwards. 
Since then o&er wheats have been invented which live at> 
an even quicker rate-^uby, Garnett and Reward; and 
wheat has been brou^t another forty miles nearer the 
north pole* There must be a limit to the process ; but it 
has not yet been reached. 
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§4 

The Ecological Outlook 

Let us in conclusion summarize the ecological outlook of 
our species. The cardinal fact in the problem of the human 
future is the increase in the speed of change. The coloniza- 
tion of new countries, the change from forest to fields, 
the reclamation of land from sea, the making of lakes, the 
introduction of new animals and plants — ^all these in pr^ 
human evolution were the affairs of secular time, where a 
thousand years are but as yesterday; but now they are 
achieved in centuries or even decades. One cannot estimate 
such changes exactly, but we shall not be far out if we say 
that man is imposing on the life* of the world a rate of 
change 10,000 times as great as any rate of change it ever 
knew before. 

In the second place, the change is becoming deliberate* 
What before was achieved by slow shiftings of balance due 
to unconscious competition is now being forced on nature 
at the point of human consciousness. And man is en- 
visaging new methods of dealing with the old problems* 
He is tapping new sources of ^emical supply and new 
sources of energy. He may even succeed in dispensii^ 
with green plants as prime producers, and himself obtain 
the manufacture of food-stuffs direct from their elements. 

In all this there is promise; but there is also danger. 
The disadvantages of pre-human methods of evolution are 
their appalling slowness, their equally appalling waste- 
fuhess, and the fiict that what is achieved is simply some** 
thing that will work, and not something planned to work 
in best and smoothest way. It is, humanly speakhig^ 
stupid that each year three-quarters of all the yofmg dw 
staging birds produce must come to nothing, mA pedbqpi 
nineiy-iiiiie per oenLof sdl the seeds diat are made by fiowm 
It ^ itopid that the lifit-community^ in its task of titfliriag 
the resources of nature^ should be h^pered by vmamm y 
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middlemen and by creatures that short-circuit the vital 
circulation, but that is what the unrestricted competition of 
life leads to, as it leads to the sufferings of bacterial disease, 
and to parasite cruelty. It is stupid, again from our human 
standpoint, that the world had to rotate on its axis some 
fifty thousand million times after the reptiles began to 
dominate it before their brainless ascendancy was brought 
to an end in favour of the mammals. 

Yet these disadvantages involve certain countervailing 
advantages. Such wastage evokes enormous reserves. The 
exuberance which most living things must possess to sur- 
vive at all in such a wasteful world is one of their beauties ; 
and the reserves of energy, of leisure, of reproductive 
capacity which life must possess against the time of struggle, 
have been the soil out of which precious and unexpected 
advances have blossomed. If progress has been slow, it has 
been steady; if competition seems to have generated an 
imnecessary variety, yet it has ensured that when one type 
perished, new types were always present to take its place ; 
if the communities of life are slow growths, they are adjusted 
and balanced growths ; and epidemic disease and parasites, 
however cruel and wasteful, are among the checks and 
counterchecks by which this adjustment is maintained. 

And conversely, the advantages opened up to man by 
the possibility of conscious quick attack upon his problems 
have their dangers. He can colonize a new country in 
record time and bring in his own appurtenances in die 
way of domestic animals and crop-plants ; but, as we have 
seen, he almost inevitably upsets &e balance of nature in the 
process and introduces devastating pests. He can make the 
soil produce a life-commimity which, like a wheat-crop, os 
a combination of grass and catde, shall be most effidendy 
adaqited to die one particttlar purpose he has in view ; but 
he will be upsetting the chemical balance by removing the 
crop from where it grew idthout replacing its mhieral 
constituents. He can tap new sources of food and energy; 
but too often lives on capital without putting by any^ag 
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for the future. He can eliminate economic waste ; but he 
runs the risk of creating a life without exuberance, wiA 
all the reserves of vitality thrown into the daily struggle. 
He can reduce disease and the wastage of human life ; he is 
brought up against the danger of perpetuating weakly stocks 
that might better never exist at all. In a word, man can see 
what he wants; .and because he sees what he wants he 
can make an immediate bid for it, and change the face of 
things with unbiological rapidity. But he will be very 
unlikely by the light of nature to see all the multifarious 
consequences of his bid ; and too often the consequences 
will be quite different from what he wanted, and will turn 
to his harm instead of his help. 

What makes it possible for man to go fast is his conscious 
mind and deliberate purpose. But it is not enough that 
merely his aim and his main effort towards it should be 
conscious; the whole process must be conscious. He 
cannot leave details to Nature and expect her to be on his 
side. He cannot mix the new process and the old. That 
is why the formidable apparatus of organized research and 
appli^ science is necessary if civilization is to continue; 
for it is the only possible substitute for nature’s clumsy 
sequences of secular struggle, the sacrifice of the many for 
the few, broadcast waste to ensure the rare lucky survival, 
ruthless pruning, adaptation through strife and death. 

From the standpoint of biological economics, of which 
human economics is but a part, man’s general problem is 
this — to make the vital circulation pf matter and energy as 
swift, efficient, and wasteless as it can be made ; and, since 
we are first axid foremost a continuing race, to see l^t we 
are not achieving an immediate efficiency at the expense of 
later generations. 

To diis end, man, with the aid of scientific breeding and 
selection, can produce organisms which are quideer and more 
dSSident transformers of matter than aiqrthing found in 
nature ; but he can only do so if he h^ nature to satisfy^ 
thdr increased demand^ A mere truism? Not by 
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means. It is true that since before recorded history culti- 
vators and stock-raisers have used natural manure and extra 
fodder ; it is true that in the last century, since the work 
of Liebig, Lawes and Gilbert, the employment of chemical 
manures has become almost universal. But up till quite 
recently man has taken litde thought for the morrow beyond 
the single crop. It is true again that he has been forced 
by the demands of his wheat and com jo let his land lie 
fallow from time to time, or to introduce aitrogen-catching 
crops, like clover or lupins, into his rotation ; but that is 
only a beginning, and the depletion of grassland we have 
just been considering is a reminder of the seriousness of 
the problem in other fields. 

At last his difficulties are driving him back to first prin- 
ciples. In the lasf couple of centuries he has accelerated 
the circulation of matter — from raw materials to food and 
tools and luxuries and back to raw matter again to an 
unprecedented speed. But he has done it by drawing on 
reserves of capital. He is using up the bottled sunshine of 
coal thousands of times more quickly than nature succeeds 
in storing it; and a similar rate of wastage holds for oil 
and natural gas. By reckless cutting without reafforesta- 
tion, he has not only been incurring a timber lack which 
future generations will have to face, but he has been robbing 
great stretches of the world of their soil and even of the 
climate which plant evolution had given them. This strip- 
ping the land of trees, soil, and moisture has gone on both 
in East and West. It is serious on the Mediterranean 
moun^ns ; but it has reached its climax in China. That 
land is so densely populated that trees have given place to 
food-plants; there are oftm no trees at all, or only in 
gaxtk^ over great tr^ ^ country. Wood for fud is 
in sudi parts a£most unlolown ; the people bum straw and 
dung and refuse. 

By over-^kiiling, man has exterminated ms^nSficent crea- 
tures like the bison, as wild spedes. Less £an a eentuty 
ago, herds numbered by ihe hundred diousand covered ibe 
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Great Plains. Buf&lo Bill killed 4,280 bison with his own 
rifle in a year and a half ; and that was far from being a 
record. The United States Government detailed troops to 
help in tlie slaughter, in order to force the Indians, by 
depriving them of their normal subsistence, to setde down 
to agricultural life on reservations. To-day there remain 
a few small protected herds. 

By over-killing he has almost wiped out whales in the 
northern hemisphere, and unless some international agree- 
ment is soon arrived at, the improvement of engines pf 
destruction is likely to do the same for the antarctic seas. 
If he is not careful, the fur-bearers will go the same road ; 
and the big game of the world is doomed to go, and to go 
speedily, unless we take measures to stop its extinction. 
By taking crop after crop of wheat and com out of the 
land in quick succession, he exhausted the riches of the 
virgin soils of the American west ; and is now doing the 
same for the grasslands of the world by taking crop after 
crop of sheep and catde off them. To make good these 
losses of the soil, he has crushed up the nitre of Chile,, the 
guano of Peru, the stores of phosphate rock in various 
parts of the earth’s crust. But foese too are capital and the 
end of them is in sight. . The recklessness of die nineteenth 
century was appalling. Linnaeus gs^ve man the title of 
Homo sapiens, Man the Wise. One is sometimes tempted 
to agree with Professor Richet, who thinks that a more 
suitable designadon would have been Homo stultus, Man 
the Fool. 

Man’s chief need to-day is to look ahead. He must 
plan his food and energy circulation as carefully as a boiM 
of directors plans a business. He must do it as one com* 
munity, on a world-wide basis; and as a species, on a 
continuing basis. In the first place, he must lem to adjust 
population to supplies, and not be sJwa)^ and only thin l dl^ '" 
of the adjustno^t of supplies to population. Ptqinilinioii 
may soon nee^ to be controlled as urgendy as war or 
umeswicted individualism needs to be oerntroUed now* In 
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the matter of supplies he must make provision for the 
future ; the species must have its reserves of nitrogen and 
phosphorus, of timber-growth and soil-fertility, of useful 
animals and of sources of energy, just as surely as the Bank 
of England must have its reserves of gold and credit, or a 
factory must allow for the depreciation of its plant. 

As a matter of fact, the situation is not so bad as it looks 
at first sight We are using up our ^oal and oil; but 
water-power is always with us, and tnfe-e are tide-power 
and sun-power and wind-power for us to tap. We are 
using up our oil; but sooner or later we shall replace it 
satisfiictorily by power-alcohol made from plants. All 
over the world scientific forestry is beginning to replace 
irresponsible lumbering. The Peruvian Government’s regu- 
lations for their guano islands have ensured that each year 
the birds shall contribute to the needs of the future as much 
as man removes for the needs of the present. The nitre- 
beds will be finished up, but humanity need no longer 
worry now that a way has been found for bringing nitrogen 
from the air’s inexhaustible reservoirs into a form avail^le 
for plants. International agreements have not only saved 
the Alaskan fur-seals from imminent destruction, but 
restored them to abundance. 

In the '’seventies of last century, the herd of fur-seals on 
the Pribiloff Islands off Alaska numbered about two and a 
half million individuals. So long as animals were only 
killed on the islands, the number ^en each year could be 
regulated. But private enterprise began to kill them on 
the high seas — ^with the result that by 1896 there were less 
than 600,000 left, and in 1911, only just over 200,000. In 
that year, however, all killing of fur-seals at sea was pro- 
hibit^ by intemationai agreement, and by 1924 the herd 
numbered 700,000, and is still continuing to increase. If 
the whalers and the trappers and the big-game htmters am 
not too stupid to take similar precautions, whales and iiir- 
bearing creatures and big game can be sa^ too. 

In diese fields man )m only got to take a Utde trouble 
a7€ 
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and he need not fear the future. But in the matter of 
phosphorus, the prospects are not so bright. Phosphorus 
is an essential constituent of all living creatures. It is, 
however, a rather rare element in nature, constituting only 
about part of the earth’s crust. In the ocean,* the 
proportion is infinitesimal, only 5 parts of ‘phosphate to 
100,000 of sea- water. This is because phosphorus is the 
limiting factor for marine life. To exist at all, living matter 
in the sea must contain, per unit of weight, almost 100 times 
as much phosphorus as the surrounding water.- Most of 
the sea’s phosphorus is imprisoned in living bodies. Of 
all the phosphorus in the sea and in its animals and plants, 
some gets back to land in guano, some in phosphate deposits 
made of fossil bones and shells, some in fish that man 
catches and brings ashore ; ‘ but all this is a trifling fraction 
of the whole, and for the most part slow-accumulating. 
On land, meanwhile, the soil is losing phosphorus all the 
time, partly by leaching out into rivers, partly by crop 
depletion. From the soil of the United States alone the 
equivalent of some six million tons of phosphate is disap- 
pearing every year; and only about a quarter of this is 
put back in fertilizers. Meanwhile, the store of fertilizers 
is being depleted, and man (Homo stultus again !) is sluicing 
phosphorus recldessly into the ocean in sewage. Eac^ 
year, the equivalent of over a million tons of phosphate 
rock is thus dumped out to sea, most of it for all practical 
purposes irrecoverable. The Chinese may be less sanitary 
in their methods of sewage disposal, but they are certainly 
more sensible ; in China, what has been taken out of the 
soil is put back into the soil. It is urgently necessary that 
Western civilized ” man shall alter his methods of sewage 
disposal. If he does not, there will be a phosphorus shortage, 
and thei^ore a food shortage, in a few generadons. But 
even if he does that he will still have to keep his ^ on 
phos|^onis ; it is the weak link in the vital duin on wiiidh 
his civilisation is supported. 
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Worms 

Britain, lucerne in, 139 
Brittany, flat-worm in, 145 
Britde-stars, 30 
Broomrapes, 138 
Brownian movement, 155 
Bubonic plague, 226, 247 
Buchner, £., and sy^iosif 
between animals and 
plants, 141 
Buffalo Bill, 275 
Bufl^oes, 242 
Bulrushes, 205, 206 
Bursatia, 156, 159 


Buttercups, 214 
Butterflies, loi, 108, 115, 155 
African, mimicry in, 180 
acrid taste of, 172 
Amauris niaviusy 179 
American, 173 
and spiders, 1 1 1 
Cabbage-white, chrysalis of, 
3-4 0 . 

Greasy Fritillary, variation 
in, 247 

in Syrian desert, 103 
Kallima, 164 
Monarch, 173 
Painted Lady, 244 
South American, 174 
Swallowtail, 179 , 180 
Viceroy, 173 

warning patterns in, 178, 180 
White Admiral, American, 

173 

Butterfly snails, 14 
Buxton, P. A., Animal Life in 
Deserts y 18 

C 

Cabbages, 3 
Cactuses, 99, 194 
barrel-, 99-100 
Caddis flies, 91 
larvae of, 74 
Caddis-worms, 74 
Caecum, of rabbit, 15, 17 
Calappa (crab), 62 
Caldum, 185, 190, 268 
and animals, 66 
in coral reefs, 190 
California, 127 
forests of, 213 
I California Kg Tzee, 152 
Calluna, 144 
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Calocalanus, 36 
Calories, in wheat, 270 
Camels, 117 

Cameroon, rain-forest, 105-6 
trees in, 105-6 
Camouflage, art of, 167-8 
Campions, 214 

Canada, value of Pacific salmon 
in, 86 

Carbon, 185-6, 187, 189 
Carbon dioxide, and life, 185 
and temperature, 215 
animals and, 192 
chlorophyll and, 163 
Caribbean ^a, and eels, 87 
Camiola, proteus in caves of, 
123 

Carnivores, 9, 13, 15, 28, 186, 
195, 198 

and their prey, 221 
food-chains in, 196 
fresh-water, 76 
hangers-on of big, 197 
in rain-forests, 111 
insect-eaters, 196 
in Spitsbetgen, 224 
internal (parasites), 137, 226 
macro-fevers in, 16 
Caterpillars, 15-16, iii, 115, 
137, 178 

and fungus, Cordiceps, 135 
and i^eumon-fly, 134 
of Gipsy Moth, 260 
of modi, Cactoblastis, 262 
Cat-iish, 92, 166 

197,249,^5? 

in rain-forests, toy 
stomach and intestines o^ 
17 

CmASf diseases of, 207, 268-9 
milk yidd of^ 268-9 


Catde, native, of Africa, 268 
teeth of cows, 15 
Caucasus, Northern, locusts 
in, 233 

Cave-fish. ' See under Fish 
Caves, and cave-dwellers, 122- 
126 

life in, ii, 122-6 
Cells, 150, 159 
of marine plants, 25-6 
smallest, 160 
Cellulose, 15 
Centipedes, 23, loi, 122 
Centid Asia, 247 
Cephalopods, 23 
eyes of, 56 

Ceylon, rain-forest in, 105 
Chalk, 190 

Challenger^ voyage of, 40 
ChaUengeria^ 34 
Chameleon, 165 
Chamois, 119 
Chaparrsd, 212 
Cheese-mite, 159 
Chiasmodus, 43 
China, 274, 277 
Chirocephalus, 127-8 
Chiroleptes (a fro^, 102 
water-storing in, 102 
Chitin, 66 
Chlorine, 45, 185 
Chlorophyll, 138, 163 
and sun, 185 
in algse, 140 
Cholera, 130 
Choughs, 119 
mountain, 119 
Ckadas, 108, 141 
Cicfalidc (fidi), 93 
CiHa, 94, i$ 39 *58, IW 
C0iates,74 


^5 
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Qvilizadon, and phosphorus, 

vn 

growth of, and plagues, 257 
organized research and, 273 
Clams, 61, 62, 63 
Clams, giant, 153, 222 
pelagic, 35 

Clausthal (Hartz), mines of, 124 
Clay, red, in sea, 55 
Climate, 9, 10, 11 

and dleven-year cycles, 241 
and land-life, 1 1 
and plants, ii 
and vegetation, 211 
coastal, 212 
cold, 158 

in Pleistocene Period, 241 
warm-temperate, 213 
See also Temperature 
Cliona (sponge), 71 
Clover, red, 255 
Club-mosses, 110 
Clytia, 33 
Coal, 189 

rate of wastage of, 274 
Coatimundis, iii 
Cohuis harbatulay 84 
Coccids, 196 
Coccolithophoridae, 26 
Cochineal insects, 262 
Cocklebur, 206 
Cockles, 61 

Codooaches, 141, 154 
Coconut palm, 260 
Cod, fiimily o£^ 35 
Ccel^terates, 23, 64, 39 
and algae, 141 
phyhir^ 65 
wd^ of, 150 
See also Cords 
Coir &re, 160 


Collembola, 197, 223 
Collett, on lemmings, 234 
Colonies, of sea-animals, 61 
Coloration, appetizing, 170 
biological function pf, 164, 168 
colour-change, 165 
cryptic, 164 

in animals, 17-18, 162-82 
in desert#nimals, 18 
in deep-sea life, 49 
in fish, 48-9 
in sea-animals, 48-9 
protective, 164 ff. 
in fish, 64 
in insects, 1 1 1 
revealing, 168 flf, 
nlptive, 167-8 
semadc, 164 
terrifying, 178 
warning, 171-3, 178, 181-2 
Colour. See Coloration 
Comb-jellies, 34, 225 
Comephorus (fish), 92 
Condor, 119 
Conger eels, 61, 87 
Congo River, 83, 215 
Conifers, 213 
Convoluta, algae in, 144-6 
eggs of, 145 

Copepods, 32, 34, 39, 48, I9J, 
221, 223, 36 , 225 
Copper, 185 
Copra, 260 
Cord lagoons, 68 
Cold reefs, 10, 68, 208 
cddum in, 190 
three kinds of, 66-7 
See also under Comb 
Corals, 49, 65-8, 20S, 29 
and cddum, 190 
and green plants, 66 


186 
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Corals, crab and, 148 
Darwin on coral-reefs, 67 
kinds of, 65 
reef-building, 66 
Mayer, Dr., on coral reefs, 68 
reefs of (three kinds), atolls 
66, 67 

barrier reefs, 66-7 
fringing reefs, 66, 67 
reefs and islands, 65-8 
stalked, 57 
symbiosis in, 65-6 
Cordiceps (fungus), 135 
Coregonus (a fish), 91 
Cormorants, 122 
fiighdess, 119 

Corpuscle, blood-, human red, 

160 

of frog, 160 
Corystes, 62, 63 
Cotingas, 107 
Cotton-grass, 203 
Cottus gohio (a fish), 84 
Cow-wheats, 138 
Crabs, 30, 62, 69, 227 
Corystes, 63 
fiddler-, 69 
Haplocardnus, 148 
hermit-, 52 

and sea-anemone, 142 
land-, 197, 228 
larvse of, 221, 33 
shore-, 39, 61 
spidery 57, 29 , 152 
spopges and, 142 
Crayfish, 82 
cave-, 123 

Creatures, fiying, classification 

pf, 12 

Ctedioeous Period, and deep sea 
life, 41 

2«7 


Crickets, 108 
Crocodiles, 152 
plovers and, 228 
profile of, 78 
Crossbill, 239 

Crozet Island, insects of, 
120 

Crustaceans, 7, 14, 30, 39, 49, 
53 . 57,&>-i,<S2,(S4,70,8a, 
91, 128, 129, 221, 43 
and heat, 126 
change in limbs of, 161 
colour in, 49 
eggs of, 78-9 
in caves, 122 
in deserts, loi 
in lakes, 92 
in Salps, 148 
in polar regions, Z15 
largest, 152 
life-cycle in, 78 
light-organs in, 52 
microscopic, 223 
moulting in, 151, 153 
tape-worms and, 227 
tissue of, 35 
wood-boring, 70 
See also Crabs; Lobsters; 
Prawns; Shrimps 
Ctenophores, 31 
Cuckoos, eggs of, 176 
spedes of, 176 
Cup-corals,” 

Curassows, Z07 

Cutde-fish, 3i, 34, 46, 47, 49, 
53 

and bacteria, 142 
deep-«ea, 52 
pd^gK,39 

Sid^intter,5a 
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Cyclothone rmcrodon (Atlantic 
fish), 34 

Cysdsoma (a crustacean), 53 
eyes of, 56 

D 

Darwin, Charles, and clover, 

and heather commons, 207 
on corals, 67 
on worms, 4 
Date-mussels, 71 
Dead Sea, the, 127 
salt-content of, 9, 127 
Death Valley, in North 
American desert, 96 
Decay, 187, 189, 192 • 
Decomposition, 187 
Deep sea, life in. See under Sea 
Deer, 16, 167, 242 
red-deer, 121, 249 
Deer-mice, colour in, 19-20 
DeUemera (moth), 176 
Density, of water, 88, 89 
Deposits, calcareous, 190 
Guano, 190 
Deserts, ii 

animds in, 101-4 
conditions of, 97 
definition of, 97 
fluctuations, violent, in, 98 
life in, 96-104 

in special , conditions of, 
101-4 
of Asia, 102 
of Australia, 97 
of North Arnica, 96-7 
of South Africa, 97 
of South America, 97 
plant-life in, 99*-ioi, 194^ 
rainfell in, 97^ 


Deserts, seasons in, 98 
soil of, 97, 98 
temperature in, 97, 103 
two belts of, 212 
water in, 97-8 
weather in, 98 
zones of, 96-7 

Devonian Period, Lower, 209 
Diatom oo4is, 55 
Diatoms, 26, 27, 32, 195,36,225 
and cod-liver oil, 35 
in lakes, 92 
in polar seas. 115 
Diet. See under Food 
Dinofiagellates, 26, 32, 34 
Dinosaurs, iii 
Diplodocus, 152 
Dipodomys. See Kangaroo- 
rat 

Discbidia (an epiphyte), no 
Diseases, 257 
and parasites, 135 
bacterial, 272 

control of animal population 
by, 231 

epidemic, 231, 248, 272 
and lemmings, 234 
and locusts, 234 
and overcrowding, 234, 
236 

in catde, 268-9 
rust in white pine, 263-4 
Discovery^ the, expedition of, 
and penguins, 113 
Diving, and coral lagoons, 68 
and rays of li^t, 48 
and pressure of atmosphere 
47 

Dodo, the, 120 
Dogger Bank, the 64» 122 
Dogs, 6, 154 
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Dogs and gravity, 158 
and temperature, 158 
life of, 2-3 
Dog-whelks, 62 
Dolphins, 35, 77 
Doves, colour in, 19 
Dragon-flies, 84, 91, 196 
Drake, Golden Hind of, 70 
Drug, harmless, to produce 
sleep, 266 

Ducks, 91, 166, 252 
flightless, 120 
Duckweed, 74, 79, 81 
Dunes. See Sand, dunes of 
Dung, and life in, 128-9 
Dwarf-plankton, 92 

E 

Earth, life on, 7 
“ life-skin ” of, 9 
Earthworms. See under 
Worms 
Earwigs, 259 

East AngUa, Brecl^ands of, 
252-3 

East Indies, 199 
East Prussia, lupins in, 139 
Echinoderms, 23, 94 
weight of, 150 
Ecology, 9, 183-250, 264-5 
balances and changes in, 183 
climax stages in, 204 
human, 184 

Economi^ biological, 273 
human, 273 
science of, 184 
Eel-grass, 64, 77, 9° 

Eds, 8y, 129 
American, 87 
conger, 61, 87 
ftesh-water, 86-7 


Eels, fresh-vater, breeding- 
places of, 87 
eggs of, 87 
Kingsley on, 86 
larvae of, 35 
reproduction in, 86-7 
sand-, 61, Z 25 

Eggs, development of unfer- 
tilized, 266 
largest, 154 
of botfly, 133 
of crustaceans, 78-9 
of desert animals, 103 
of eels, 87 

of emperor penguin, 1 13 
of fairy shrimps, 128 
of fish, 30, 35 
of flies, 133 

of frogs in the desert, 102 
of gnats ancl mosquitoes, 79- 
80 

of hook-worms, 133 
of locusts, 233 
of ostriches, 197 
of parasites, 132-3 
of salmon, 85, 86 
of sea-birds, 197 
of tree-frogs and tree-toads, 
107-8 

size of, 154 
Egypt, locusts in, 232 
Elbe, River, brisde-worms 10,83 
molluscs in, 84 
plankton in', 82 
waters of, 129, 130 
Elements, 185, 187 
Elephant, 242 
ears of^ 158 
dwarf, 121 
^etfaof, 15 
toucb-orguis of, 162 
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Elm, 206 

Elton, Animal Ecology^ 2^7 
on Berlenga Island, 249 
Elton on ecology, 218 
Entomology, Imperial Bureau 
of, 263 

Environment, 13 1 

and animals, ii, 17-21 
and flora, 18 
change of life in, 216-17 
effect of, in sea-life, 28 
on organisms, 7 
gradients in, 216 
in coral reefs, 208 
life and its, 208-9 
of plants, 207 
Enzymes, 186 
Ephydra, salt fly, 127 
Epidemics. See under Disease, 
epidemic 

Epiphytes, 44, 109-10 
Ermine, 114 

Ernst, Professor, on Krakatoa, 
200-1 

Eryoneicus (a prawn), 43 
Eskimo, the, 1 16 
Essequibo River, 83 
Euglena, 160 
Europe, river-fish in, 84-8 
Eurycorphoy 175 
Eurypterid, 152 * 

Evaporation, 190 
Everest, Mount, 118 
Evolution, 219^20 
and cave-fliuna, 123-4 
and habit of climbing, iio- 

III 

and island-life, 119 
and life in hot springs, 126 
and parasitism, 134 
and plants, 5 


Evolution, and salt-lake life, 127 
and struggle for existence, 

course of, 208 

cycles of abundance and, 245 
of cave-dwellers, 125 
of existing forms, 183 
of fish in Lake Tanganyika, 
93 

of remora, 72 
of sea-life, 37 

pre-human methods of, 271 
processes of, 174 
Existence, struggle for, 13 1 
Eye-bright, 138 
Eyes, 161 
of beetles, 79 
of cave-animals, 124-5 
of cave-fish, 123 
of proteus, 123 
of sea-animals, 53-4, 56 
“ telescopic eye,” 53-4, 56 

F 

Fairy shrimps, 127-8 
Falldand Islands, 120 
Faroes, the, ravens of, 121 
Farrow, on grass-heath, 253 
Fat, and land mammals, 116-17 
and sea-animals, 35 
Ferns, no 

Fertilization, of apple-blossom, 
4 

Fever, yellow, 265, 266 
Fiddler-crabs. See under Crabs 
Field-mice. See under Mice 
Figs, no 

bmyan-fig, no* 
tropical spedes, 109 
Fiji Is^ds, moth pest in, 26o-;i 
Filfeer-passefs, 155 
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Finches, i6 
Firs, 213 

Fish, 31, >4, 39, 40, <5i, 64, 68, 
166, 230 

and freezing of tissues, 89 
and food, 16 
and gas-biadders, 38 
and pressure-change, 46-7 
angler-fish, 50, 36 

parasitism of males of, 54 
Aristotle on, 50 
armoured, 41 
bony, 16, 40, 41, 75 
cave-, 123 
. eyes of, 123 
colour of, 48 
deep-sea, 44, 43 
colour in, 49 
touch-organs in, 54 
eggs of, 30, 35 
fiat-fish, 64, 85 

pattern-change in, 165-6 
fresh- water, 91-2 
and tape-worm, 227 
frog-, 50 
gristly, 38, 75 
in Lake Baikal, 93 
in Lake Tanganyika, 93 
in Thames, 88 
Iftgest, 162 
parasites of, 137 
pelade, 38-9 
and pressure, 47 
phosjAorescent, 51 
organs in, f 2 
phosphorus in, 277 
pipe-,64 
liver-, 84-6 

sipedes, number of, 85 
types oi; 85 
sea md river, 85-6 


Fish, small, 221, 156 < 
sucker-, 148 

“ telescopic eye ” in, 53-4, 56 
Toxotes, 80 
(undergroimd), 122 
fiagellates, 12, 26, 36, 225 
green, 160 
in fieas, 226 

in termites, 139-40, 146 
single-celled, 134-5 
Flat-fish. See under Fish 
Flatteley and Walton, Biology 
of the Seashore^ 59 
Flat-worms. See underWonDS 
Fleas, 155, 157, 159 
common, 156 
parasites in, 226 
rat-, 226 

water-, 74, 91, 156 
weight of, 150 
Flicker, 196 
Flies, 72 
alder-, 84 
house-, 156 
ichneumon, 4, 134 
larvae of, 134, 148 
in Waitomo Caves, 125 
parasitic, 133, 261 
psilopa, 127 

Flora, and environment, 18 
of sea-bottom, 24 
Flounders, 85, x66 
Flowers, 5 

artificial production in, 5-6 
biological monstrosities in, 

largest, 152 

spring, reason £»*, 191-4 
Flukes, in birds, 170-1 
in common hog, 12 
liver^lukes, 13^ 
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Food, III 

and mode of life, 13 
animals and, 131 
arctic food-shortage and 
birds, 115 
deficiency of, 268 
diet, adaptation to different 
kinds of, 17 

first division in feeding, 13 
green plants and, 13 
macro-feeding, 13-14, 15, 16 
micro-feeding, 13-14 
two methods of, 14 
mould as, 45 

parts of plants used for, 16 
Food-chains, 220-8 
of herrings, 225 
Food supply,for desert-animals, 
103-4 

in deep sea, 41, 42 
in forests, 44-5 
of river-animals, 84 
Food-relations of herring, 225 
Foraminiferans, 31, 55 
colour in, 49 

Forbes, H. O., on carnivorous 
spiders, iii 

Forestry, scientific, 276 
Forests, 44 

Amazonian, animals in, 107- 
108, III 
rain-, 106 

Miss Haviland on, xo6 
animals, and plant-life in, xx 
in the sea, 29 

belt of in northern hemi- 
sphere, 2x3-14 
coniferous, of Siberia, 240 
damage done by Gipsy 
Moths to, 239-60 
equatcMial, ^ 


Forests, evergreen, 44 
food-supply in, 44-3 
of Aleppo pine, 212 
of bee^ and maple, 204, 205 
of groundsel and lobelias, 215 
of monsoon districts, 21 1 
of pine, 95, 239 
of tree-heathers, 215 
rain-, 44^103-1 j, 202, 2V 
aerial roots in, 109, no 
and mineral salts, 108 
animals in, 107-8, 208 
creepers in, 106 
Haviland, I^ss, on, 106,107 
Humboldt, von, on, 103, 
107 

insects in, 108 
of Congo, 21 3 
parasites in, 106 
plants in, 106 
roof of, 106-7 
trees in, 103-6, 108, 109 
savannah-, 212, 213 
sub-tropical, 212 
tropical, 193 
termites in, 197 
vegetable life in, 43 
warm-temperate, 212 
zones of life in, 44 
Fowls, 163 
Foxes, 1 18 

arctic, 1x2-13, X14, 158, 

224, 238, 235 
diet of, 197 
red, 238, 235 
Fox-terriers, 2-3 
Fresh-water, life in. See under 
Water; Ponds 
Frog-fish, 30 
Frogs, 75, 9 h *<>*» 
blood-ooipusde oi^ IM 
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Frogs, colour-change in, 165 
fishing-, 171 
Goliath, 154 
grass-, 126, 154 
eggs of, 156 

in Australian desert, 101-2 
largest, 154 
liver-fiukes in, 12 
parasites in, 12 
profile of, 78 
tadpoles of, 153 
thyroid gland in, 205 
tree-, 107-8, 165, 168 
eggs of, 107-8 
tropical, 154 
Frog-mouths, 107 
Fruit-bats, 16 
Fulgoridae, 177 

Funchal (Madeira), length of 
daylight in varying depths 
of the sea at, 48 
Fungi, 13, 45, 50, no, 13 j 
and ling, 142-4 
and oxygen, 186 
as parasites on deca}^ 187 
cyde of reproduction in, 263 
mycorrhiza, 189 
on forest-trees, 146-7 
partnership of, with animab, 
141 

See also Rusts 
G 

Galapagos Island, 228 
cormorant on, 119 
Gallinules, 91 

Ganunaiids (crustaceans), 92-3 
Garnett whe^ 270 
Gas, in sea-animals, 38 
manh, 187 

natural, rate of wastage 0^74 


Gas-bladders, in bony fish, 38 
in fish, 38-40, 46-7 
in sea-shore life, 60 
Gastrostomus, 43 
Gazelles, 102 

Genes, of Fritillary butterflies, 

247 

Gerbils, 117, 247-8, 254-5 
Gibraltar, Straits of, 46 
currents in, 46 
Gigantactis (a fish), 51 
Gigantura (a fish), eyes of, 
Giraffes, 16 
Glass-sponges, 58 
Glasswort, 216 
Glaucus, 36 
gas in, 38 

Globigerina (foraminiferans), 55 
ooze, 55 
Glycogen, 35 
Gnats, eggs of, 79-80 
pupae and larvae of, 81 
Goats, mountain-, 119 
Goose, flightless, 120 
Goose-bamade, 33 
Gooseberry, wild, 263-4 
Grasses, 212, 268^0 
fast-growing, 269 
Grass-heath, *i^bits and, 253 
Grasslands, exhaustion of, 275 
Grass Resoudi Station, 269 
Grasshoppers, 122, 174 
mimicry in, 175 

Gravity, and size of animals, 
M7 

Grayling, 84 
Great Sdt Ledce, 127, 216 
animal life in, 127 
Grebes, 91 

Greenland, 114, ii5-*i6, 214 
Giihbie, 70 
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GroiM, red, 251-2 
Guairo» deposits of, 125, 190 
islands, 276 
phosphorus in, 277 
Guiana, rain-forest in, in 
Guinea-worm. See under 
Worms, guinea-worm 
Gulf Stream, the, 27, 57, 118 
Gulls, black-headed, 25 1-2 
Gun-cotton, 236 

H 

Habitats, 64, 130 

and inhabitants, 17-21 
and organisms, 13 
balance of species in, 183, 184 
in air, 1 1-12 
in mangrove swamps, 69 
land, lo-ii, 93-126 
in caves, ii, 122-6 
in desert, 96-104 
in forests, 1 1 
in islands, 119-22 
linking, and creatures in, 10 
of animals, 1 1 
of man, 1 1 
of parasites, 12 
of plants, II 
three types of sihore, 62 
unusual habitats, 126 ff. 
various garden, 130 
water, 10 
lakes, 88-93 
standing waters, 88-93 
Hadden, Profisssor, on fisMng, 
7 ^ 

Haeckel, Ernst, and Ecology, 
183 

Hsmog^obin, 163 
Hag-fish (parasite), 137 
Worthington, Miss, on. 


Haldane, J. B. S., Dadalus^ 265 
on insects drinking, 157 
Haliclystus, 64 
Halobates, 80 

Hardy, Professor A. C., 215, 

Hares, 95, 118, 242 
arctic, 114 
Harvester-antS, 16 
Haviland, Miss, Forest^ Steppe 
and Tundra (quoted), 106, 
107 

Hawaii, 120 

sugar-cane borer in, 261 
Hawks, 16, 196, 197 
flightless, 120 
Heart-urchins, 62, 63 
feeding of, 14 
Heat, 97 
radiant, 267 

Heather, Scotch. See Ling, 
common 

Heaths, the, life on, 95 
Hemisphere, northern, conifers 
in, 213 

Hens, 152 , 154 
egg of, 154 

Henderson, L. J., Fitness of the 
Enwonmentj The^ 89 
Henry HI, bear of, in die 
Tower, 88 

Herbivores, 9, 13, 15, 195, 196 
Herbivores and green plants, 
191 

e^t of weather on, 238 
enzymes in gut of, 186 
of sea, 28 

of Spitsbergen, 423 
ph^es of^ 231, 242 
types of, 15-id 

X37 jHe^t-cral^ 5 fs laidfer Crabs 
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Herodotus, on plover, 

Herons, i6, 91 
extinct, 120 
Herrings, and food, 14 

as example of food-chain, 
223, 225 
common, 154 
food-relations of, 225 
Heterocarpus (a prawn), 51 
Heteronotus (plant-bug), 174 
Hexactinellids (sponges), 57-8 
Bidder, Dr., on, 59 
Himalayas, the, 118-19 
Hinton, Rats and Mice as 
Enemies of Mankind^ 23 1 
Hippopotamus, profile of, 78 
Hogben, Professor, 165 
Holland, dykes in, 70 
Spartina townsendu in, 210 
Honey-locust tree, 206 
Hook-worms. See under 
Worms 
Hornets, 171 
Horses, 152 

and bacteria, 132 
and parasites, 133 
diseases of, 268 
fodder of, 256 
House-flies, 156 
Howard, Eliot, Territqpy in 
Bird-Life^ 243 

Hudson Bay Company, 236, 
238 

record* of, 242-3 
Homan Beit^ See Man 
Humble-bees. See under Bees 
roimboldti von, description of 
tropi^ forests by, 105, 107 
and animals, 19-20 
H^mMng-birds, 158, 154 , 156 
egg oC 154 ^ 156 


Hydra, 79, 82, 91 
and algae, 140 
common, 156 
(underground), 123 
Hydrogen, 185 
sulpMde, 187 
Hydroids, 61-2 
Hyena, 197 
spotted, 197 
Hymenoptera, loi, 135 
parasitism of, 134, 226 

I 

lanthina (snail), 48 
Ibex, 1 19 
Ice Age, 68 

Ichneumon Flies. See under 
Flies 

Imperial Bureau of Entomology, 
263 

Indiana, 204 

vegetation in, 206 
Inheritance, of acquired char- 
acters, 19-20 

of characters in cave-animals, 
124 

Insect-eaters, 196 
Insects, 19, 23, 92, 1 14, 134, 168 
agriculture and, 257 
anatomy of, 157 
and desert-life, 101 
and fish, 80 
and food, 16 
aquatic, 74 
as pests, 259 

boring, 71 

cochineal, 26a 
excretory organs 137 
fljghtless, 11^-29 
in kland-1^ lap, |2i 
frerii-water, 77 
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Inse^, inability to drink of, 

155 

in lakes, 91 

in polar regions, 113, 114 
in rain-forests, 108 
in sea, 72 

in Spitsbergen, 223 
larvae of, 125-6 
in lakes, 92 
in rivers, 84 
leaf-, 164, 168 
of tropical America, 177 
parasitic, 133, 135-6, 224, 
226, 262-3 
rearing of, 263 
plant-sucking, 196 
protective coloration in, iii 
small scale of, 150-1 
smallest, 159 
soil-maldng, 197 
stick-, 164 
largest, 154 

terrifying coloration in, 178 
warning colour in, 181 
weight of, 1 50 
wings of, 161 

Insemination, artificial, 266 
Invertebrates, cephalopods, 23 
weight of, 150 
Iodine, 185, 268 
Ireland, ravens in, 121 
Irises, 205 
Iron, 185 

Islands, Hfe in, 1 19-22 
characteristic of, xi 
oceanic, 209 

Jagana (a bird), 80 
Jackals, 195, 197 
Java, 199 


Jellification of deep-sea animals, 
49 

Jelly-fish, 30, 32, 34, 221, 37 , 
225 

colour in, 49 
Jerboas, 102 
Junco, American, 239 
Jurassic Period, 219 

K 

Kalahan aesert, 97 
Kangaroo-rats, 104 
Kangaroos, iii 
Kea, 258 

Keeble, Sir Frederick, Life of 
Plants^ 270 
Plant“Ammals^ 144 
Kenya, locusts in, 232 
Kentucky, Mammoth Cave of, 
123 

Kerguelen Island, 120, 121 
flies of, 120 
Killdeer (bird), 168 
Kingsley, Charles, Glaucus^ 59 
Water Babies^ 86 
Kinkajous, iii 
Kiwis, 1 19, 121 
** Komodo dragons,” 152 
Kraepelin, and fauna of water- 
pipes, 129 

Krakatoa, eruption of, 199 
vegetation after, 200-1 

L 

Ladybirds, 196 
Lak^ animals in, 91 
feuna and flora in, 92 
in caves, 125 

in Kmtxi^ Mammoth 
Caves and efaewfaeze^ 
plants of, 89-90 
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Lakes, salt, lo 
life in, 127 
slime in, 92 
temperature of, 88-9 
underground, 125 
Lamarckian ideas, on evolu- 
tion and cave-fauna, 123-4 
Laminaria (ribbon-weeds), 60 
Lanunergeier, 119 
Lampreys, 137 
Lamp-shells, 23, 33 
stalked, 57 
weight of, 150 
Land, enriched by sea, 224 
fauna of, 23 

habitats on, lo-ii, 93-126 
loss of phosphorus on, 277 ^ 
reclamation of, 271 
Land-animals. See under 
Animals 

Land-plants. See under Plants 
Land-vertebrates, 77 
Lang Island, 199 
Langouste (rock lobster), 36 
Lantem-ilies, 177 
Larvae, 27, 79-80 
of sea, 30 

of surface zone of sea, 33 
of water-beetles, 76 
Lasiognathus (a fi^), 50 
Latitude, 211, 212 
zon^ of life and, 219 
Leaf-insect, Seeimderlaaisicx 
Lebistet, 156 
Leeches, 228 

land-leeches, 93, loi 
in the tropics, 93 
Lemming, 114, 233-4, 242 
qHdto^in, 236 
mqpatiohs of, 244 , 335 
over-popdafion in, 23^ 


Lemming, restricted ha]|}tat of, 

245 

Leopards, 167 
snow-, 1 19 

Leptodora (a crustacean), 92 
Leptomonas, 226 
Lianas, 44 

in rain-forests, 106, 108-9 
Lichens, no, 206 
in barren* places, 139 
in tundra, 214 
symbiosis in, 146 
Liebig, J. von, invents artificial 
manures, 266 

Life, and balance of Nature, 251 
and food, 13 

and its environment, 208-9, 
217 

and mountains, 119 
and phosphorus, 277 
and teprcducdon, 13 
and sp^ of change, 271 
animal jplace in, 228 
belts of, 217, 219 
biologi^ inventions of, 8 
colour and pattern in, liSzff, 
communities of, 218, 272. 

grading of, 21 x 
cyde of, 191-9 
development of, 199-2x1 
economics of, 9 
elements of, 185 
growth of, 199-2x1 
habitats ways of, 8-9 
in antaictk continent, 2x4 
in nordietn polar xegiottis, 2x4 
in sea, 22-72 
in water and on land, ti 
land, and dimate^ xx 
main types oi^ 8 
01^ In sea, 23 
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Life, original home of, lo. So 
primal supply of, 188 
qualities of, in rain-forests, 
108, III 

reproductive capacity of, 272 
s^e of, 149-62 
separateness of, in creatures, 
2 

source of, 185 
special aspects of, 131-82 
stratiiication of, in open sea, 
42 

struggle for, 248 
subsistence chains in, 220 
swaying balance in, 228 
types of. 5 m Habitats 
unusual modes of, 126-30 
variety of, on earth, 7 
way of, of organisms, 7 
ways of, in h^itats, 13 
weak link in chain of, 277 
zones of, 21 1, 219 
in forests, 44 
in sea, 215 
Light, 44, 122 

and darkness in deep sea, 48 
and plants, 193 
differences in, 9 
in sea, 24, 2$ 

phosphorescence in deep sea, 
49-50 

rays of, green, 48 
red, 48 
violet, 48 

stn^le for, in rain-forests, 
105 

wave-lengths 48, 163 
iJ^t-oigans, in deep-sea life, 

53 

60 

Lignite, 189 


Lime, in animal skeletons, 66 
Lime-pans, life in, 127 
Limestone, 71, 190 
Limnodrilus (bristle-worm), 
83-4 

Limnoria (gribble), 70 
Limpets, 60, 33 

Ling, common, partnership of, 
with j|in|bs, 142 -4 j 
L innaeus, ana Homo sapiens^ 

275 

Lions, 222 

Lister, Martin, and surgery, 
266 

Lizards, 7, 103, 228 
longest living, 152 
Loach, 84 
Lobsters, 82 
largest, 152 
Locust-tree, 213 
and epidemics, 234 
breeding of, 244 
East European, life-cycle of, 
232-3 

eggs of, 233 
kinds of, 233 
plagues of, 232 
Loeb, Jacques, 266 
Lophius (angler-Hsh), 50 
Lothmaim, researches of, on 
drawf plankton, 26-7 
Lotus, 77, 79 
Lucerne, 139 

Lug-worms. See under Worms 
Luidia (starfish), 154 
Lumbricidus (Msde-worm), 83 
Lupin, 139, 189 

i^tnpRtTM (Gip^ ModiX 
81^0^236* * 
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M 

Mackerel, 31, 35, 38, 171 
colour in, 48 

Macro-feeding. Seeunder'Food 
Madeira, beetles of, 120 
Magnesiuhi, 185, 190 
Malaria, 235, 265, 266 
parasite of, 160 
Malaya, rain-forest in, 105 
Malta, Pleistocene dwarf ele- 
phant of, 121 
fever, bacterium, 161 
Mammals, 7, 272 
and colour, 19 
and island-life, 121 
and prehensile tail, 111 
and temperature, 103 
arctic mammals, 116-17 
desert mammals and food, 
104 

fat, uses of, in mammals, 1 16- 
117 

herbivorous, 132. See also 
Herbivores 
hoofed, 15 
in rain-forests, in 
insect-eadn^, 196 
in Spitsbergen, 223 
land-, 7 
northern, 235 
rodient, 141 . 
rumt^iant, 141 
small, 158, 154 
tape-ltrorm in, 227 
tides of, 227 
weight of biggest, 149 
Mao, II 

and eggs of dies, 133 
and land-habitats, 94-4$ 
and natural powe» ta^nble 
of being used, 276 


Man and parasitic flagellates, 

135 

and scientifle breeding, 273 
and sources of energy, 271 
and speed of change, 271 
blood corpuscle of, 160 
chief need of, 275 
colour of blood of, 163 
crowding of, into cities, 256 
hand of, 154 
liver-cell of, 159, 160 
malaria in, 235 

mouth-cavity and intestines 
of, 132 
ovum of, 159 
pigment of skin of, 164 
primitive, and parasite-chain, 
229 

problem of modem, 273 
recklessness of, in nineteenth 
century, 275 

solitude and separate life of 
each individu^ 2 
sperm of, 159, 160 
t^anosomes in blood 
227 

worms in, 132-3 
Mandrill, colour in, 163 
Mangroves, 105 
swamps, life in, 69 
reproduction in, 6 ^ 

Mantises, flower-, 168 
Manures, diemical, 274 
guano as, 190, 275 
natural, 274 
nitre, as, 275 
phosphate rock as, 27} * 

Maquis sc^ub, 212-13 
Ma^ phots. Sm waitt 
Plants, sea-phots 
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Marquis wheat, 270 
Marsupials, 111, 198 
Mauritius, 120 

Mayer, Dr., on coral reefs, 68 
May-flies, 84, 91 
McDougdl, Plant Ecology 
Meadow, mountain, 216 
Meadow-pipits, 95 
Mediterranean, 46-7 
animals of, 46 
islands of, 121 
waters of, 46 
Melilot, white, 206 
Membraddae, mimicry in, 175 
Mendosa, Lake, 222 
Mesozoic Era, 219 
Methane, 187 
Mice, 3, 242 
and gravity, 158 
British, 238 
desert, 102 

epidemics in, 234, 236 
field-, 237, 255 
French, 237 
house-, 154 
plague of, 231 
Michigan, Lake, 203 
Microbes, 6 
Micrococcus, 161 
Micro-feeding. Food 

Midges, 114, 135, 223 
Migration, of birds, 239 
of lemmings, 233-4 
of sandgrouse, 240 
of squirrds, 234 
]ifilk ,265 

Miller’s thumb, 84, 85 
Mimicry, i73*-6 
and niodel, 180 
associative, 178 
Bates on, 181 

3do 


Mimicry, Batesian, 182 
by bluff, 182, 181 
in African butterflies, 180 
in plants, loo-i 
Mullerian, 182 
origin of, 174 
protective, 174 
Minnows, 84, 8$ 

Mistletoe, 

Mites, 77, 1 14, i35> ^^3 
Moa, 120, 121, 15 1 
Moisture, gradients in, 216 
Molecules, influence of, 155 
Moles, common, 198 
golden, 198 
pouched, 198 
Mouses, 7, 30, 62, 152 
bivalve, 70, 129 
feeding of, 14 
in the Elbe, 84 
pelagic, 39 
weight of, 150 
Mongooses, 254-5, 263 
Monkeys, 107 
Moorhens, 91, 120 
Morgan, Lloyd, 172 
Mosquitoes, 114 

and malaria, 235, 265 
eggs of, 79-80 
Mosses, no 
in tundra, 214 
Moss-marshes, life in, 128 
Moths, 1 14 

Cactoblastis, caterpillar of^ 
262 

caterpillars of, 71 
dnn^Mu:, caterpillars of, 171- 
172, i 7 « 

dear-wing, 173-4 
coconut, 260-1 
cocoons of 176 



Moths, Gipsy, 259-60 ^ 
caterpillars of, 260 
grubs of, 16 

lobster-, caterpillars of, 178, 

181 

mimicry in, 174 
plume-, 161 
puss-, 178 

caterpillars of, 181 
stick-, caterpillars of, 164 
Moulds, 6 
as food, 45 

as parasites on decay, 187 
Mountains, life on the high, 118 
mountain-chains above snow 
line, 1 12 
Mud-eaters, 16 
Mud-Hats, 64, 69 
rice-grass on, 209-10 
Muir, and parasite for sugar- 
cane weevil, 261-2 
Muller, Fritz, 18 1 
Musk-oxen, 114 
Musk-rats, 259 
Mussels, ^ 

Mutations, 127 

and ey€?-development, 124 
in birds, 120, 121 
Mycelium, 147 
Mycorxhi^ 146 
Mysis, 22$ 

N 

Nanno-plankton, 26 
Natural Selectipn. Su under 
Selection 

Nature^ balance of, 251-6, 272 
utilcntkm ofresouzceso£^27i 
Naittiloicis, and gas, 38 
Nemerdtie wonns, 61, 33 
Nereb (sand-wonn), 33 


Nettles, dead-netde§, 101 
New Guinea, rain-forest in, 105 
Newts, 74, 91 

and io^ne in water, 207 
New Zealand, birds of, 121 
blackberries in, 256 
flightless birds of, 119-20 
insects in, 120 
kea in, 258 
pastures in, 209 
Waitomo Caves of, 125 
Nias, 90 

Nighthawks, 164 
Nightjars, 95, 107, 

South American, 164-5 
Nitrates, 188-9 
in the sea, 27 
Nitre. See under Manure 
Nitrogen, 45, 47, 185, 187, 188, 
190, 224, 276, 
algae and, 140, 145 
Nitrogen, bacteria and, 159 
fungus and, 143 
salts of, 115 

shortage of, and life, 188 
Noctiluca, 31, 35, 50, 36 
Nordenskiold Glacier, 112 
Norfolk, birds in, 256 
North Airica, desert rats of, X17 
North America, 203 
North American clttert, 96-7 
North Sea, 64, 122 
Nummulite (Protozoan), 154 
Nutcracker, Iberian, 240 
Nuthatdiea, t 6 
Nutrition. See Food 
Nymphalines, 173 

O 

Oak, 2x3 

213 
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Oak, holm-, 213 
Oak-wood, 95 
Obelia, 82 
Ocean. See Sea 
Ocelots, 167 
Octopuses, 34, 37 
parasites of, 227 
red, 49 
Oeda, 175 
Oikomonas, 160 
Oikopleura, 225 
Oils, and sea-creatures, 35 
mineral, origin of, 189 
paraffin, 189 
rate of wastage of, 274 
Olaus Magnus, on lemmings, 
^34 

Oliver, Professor F. W., 209 
Ooze, diatom, 55 
globigerina, 55, 190 
Ooze, kinds of, on door of 
ocean, 55 
pteropod, 55 
radiolarian, 55 
Open-sea zone, 31 
Orchids, no 

Organisms, and habitats, 8, 13 
filter-passing, 161 
life of, 7-8 

plankton oiganisms and 
Diessuie, 47 

si% of, 152 , 154 , 156 , 159 , 
160 , 161 

smallest, 160 , 161 
Organ-jape coial, 6f 
Ordioptera, 201 
Ostrioies, 151 , 152 
eggs of, 197 
Otter, 227 

Overcrowding, tnd epidemics, 
» 34>536 


Owl-parrots, 119 
Owls, id, 197 
snowy, 1 14, 1 15 
Oxford Expedition to British 
Guiana, 107 
to Spitsbergen, 112 
Oxidation, 187 
inorganic, r38 
Ox-pe^r^j8 
Ox warble-fly, 133 
Ox3rgen, 185, 186, 230 

bacteria and shortness of, 
188-9 

Oysters, 69, 71 

P 

Pachystomias, 43 
Paddie-birds, 228 
Palearctic desert, 96 
Palestine, locusts in, 232 
Pampas, 2x2 
Paramecium, 201, 159 
Parasite-chains, 220, 224-8 
Parasites, 4, 8, 132, i(^, 224, 
272 

bacteria, the most important, 

135 

coconut moth and, 261 
habitats of, 12 
hosts of the, 132 ff. 
in birds, 170 
in forests, 44 
in frogs, 12 
in Gypsy Moth, 260 
in insects, 259 
in rain-forests, xo6 
in undeiground life, 122 
kinds of^ 12 
male angfefvfish, $4 
of plants,^ X3]i$« 
of 8iiga]>7caiie boxer, |6i*-2 . 
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Parasites, plant, 135-6 
quaternary, 226 
reproduction in, 132—4 
secondary, 226 
species of, 132-8 
tertiary, 226 

Parasitism, 131-8, 146-7 
and independence, 137 
and symbiosis, 148 
kinds of, 226 
Parrakeets, 107 
Parrots, 107 

Pasteur, Louis, and cure of 
diseases, 266 
Pastures, 268-9 
Pattern, in life, 166 ff. 

Pearly Nautilus, and gas, 38 
Peas, 189 
Peat, 189 

Pelagic zone of sea, 31 
characteristics of animals in, 

Pelagothuiia, 32, 39, 37 
Penguins, 35, 113, 228 
emperor, 113 
eggs of, 1 13 
reproduction in, 113 
Pepsis, 174 

Perdval, Game-Ranget^s Note^ 
hooky Ay 222 
Petidiidans, 92, 230 
Periopdialmus (a fish), 69 
PeiilR^kles, 60, 61 
Peromydcus (d^-mice), 19 
Persia, locusts in, 232 
Pests, biological control of, 
256-64,266 

i|iti!odtict|on of, into new 
^country, 258, 272 
phttt, bi^ogical control of, 
26 Sr^ 


Petrels, 113 
Petrol, 189 

Petroleum, life in, 127 
Philippine Islands, pressure of 
the sea near, 45 
Pholas, 71 
Phbronis, 33 
Phosphates, 190 
deposits of, 277 
in sea, 27, 195 

Phosphorescence, examples of, 
in deep sea, 51 
in sea, 49-50 
functions of, 50-3 
of insect larvae, 125, 126 
partner-bacteria and, 141 
Phosphorus, 185, 268, 276 
and living creatures, 277 
in sea, 277 
in sewage, 277 
shortage of, 277 
Phyla, 8, 23 
amphioxus, 23 
animal, 23 
cephalopoda, 23 
coelenterates, 23, 65 
echinoderms, 23 
lamp-shells, 23 
sponges, 23 
radiolarians, 23 
sea-, 23, 75 
sea-squirts, 23 
Phyllirrlide (a mollusc), 51 
Picketel-we^, 205 
Piddock, 7f 
Pigeon^ 120 
in rain-forestt, 107 
I^gs, diseases o^ 268 

rate, 85 

Pine, Akppo, 212 


Pine-fotest, 9i 
30J 



INDEX 


Pine-marten, 227 
Pine-wood, 252-3 
Pines, 253 
kinds of, 213 
white, blister-rust in, 263 
Pipe-fish, 64 

Plague, bacillus of, 135, 161 * 
bubonic, 247 
gerbils and, 255 
Plaice, food of, 64 
Planarians, 93, 10 1 
Planema epaea, 180 
Plankton, 14, 26, 28, 30, 31, 32, 

75, 80, 82, 185 

animal-plankton in lakes, 92 
Crustacea in the Elbe, 82 
dwarf-, 92 
in lakes, 91 
in polar regions, 116 
plant-, in l^es, 92 
-recorder, 215 
Planktomya (crab), 35 
Plant-bugs, in, 141, 174, 196 
in rain-forests, 108 
Plant-lice, 141, 195-6, 220 
Plant pests, control of, 262-3 
Plants, 5, 8, 9, 93, 99, too, 193, 

20J 

and animal parasites, 135-6 
and animals, 141 
and dimate, 11 
and light, 193 
and food, 13, 16 
and oxygen, 230 
arctic pl^ts, 114 

reproduction in, X14-15 
bulbs of, 100 
change in, 252 

checks on multiplication, of, 

230 

ddofophyll in, 163 

in 


Plants, desert, 96, 99-101, 212 
and temperature, 194 
dominance in, 217, 254 
flowering, 13, no, 204 
fresh-water, 79 
flowering of, 77 
green, 163, 191 
and carbon, 187 
and c#)*als, 66 
and food, 13 
and food-chains, 220 
and light in sea, 48 
and nitrates, 188 
and oxygen, 186 
and raw material, 198 
and sun, 185 
as prime producers, 271 
dominant species o^ 192-3 
nutritious parts of, 15 
of sea, 24 
parasites in, 137-8 
higher, and animals, 208 
improved by crossing, 265 
independent, 148 
in forests, 44-5 
lake-plants, 89-90 
leaves of, 90 
reproduction in, 90 
land-, 10, II 
leguminous, 139 
and nitrogen, 189 
manured by sea-binds, 224 
of barren places, 139 
of Great ^t Lake, 216 
of polar regions, 113, 214 
of sdt-marshes, 202 
of sand dunes, 203-4 
of tundra, hig^, 224 
lower, 2x4 
on Krakatoa, 200-x 
on mounoixis, xx8, xxp 
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Plants, open formation in, 96 
parasitic, 135, 191, 195 
perennial, 100 
power-alcohol and, 276 
sea-, 24-8, 59-60, 64, 25 
secondary aquatics, 75, 77 
seeds of, 100 
shrubby, 212 

single-celled, 31, 223, 225 
size of biggest, 149 
substances needed for con- 
struction in, 185 
suckers, anim^, of juices of, 
196 

surroundings of, 17 
water-, 83, 205 
secondary, 90 
weeds, 6 

woody-stemmed, 106. See 
also Fungi 

Plant-tissue, and life in the sea, 
25-6 

Plovers, and crocodiles, 228 
green, 246 
ringed, 163, 168 
Plymouth Aquarium, 166 
Polar regions, 112, 113 
animals in, 1 12-13 
contrast ^tween land and 
sea in, 115 
^les, the, 1 18 

** Poldeiring,” in Holland, 2x0 
Pollution, of rivers, 88 
Polyps, 30, 49, JO, <Si, 80, 82, 
29 , 152 , 154 
coral, 65 

deep^49 
stalks, 57 

(subterranean), 123 
wei]^ of, 250 
Polyaoa, 


Polyzoa, colonies of, 83 
Ponds, life at surface-film of, 81 
life in, 74 

vegetation round, 218 
zones of vegetation in, 205 
Pond-weeds, 89 
Pools, transitory, life in, 127-8 
Poppies, arctic, 214 
Population, adjustment of, 275 
Porpoises, 7, 117 
Portuguese Man-o’-war, 48 
Post-^aptadon, 125 
Potamogeton (pond-weed), 90 
Potassium, 185, 190 
Poulton, Professor P., 182 
Prairies, 212 
Prawns, 30, 49, 64, 82 
cave-, 123, 58 
deep-sea, 52 

Pre-adaptadon, 124, 125 
Prickly pear, too, 230, 262-3 
insect parasites of, 262 
Pritchard, and coral lagoons, 68 
Proteus, 123, 124 
eyes of, 123 

Protoplasm, and heat, 126 
and sea-water, 34 
of plants, 45 
weight of, in water, 93 
Protozoa, 31, 79 > 9 h 9^9 
36 , 154 

and boring insects, 7< 
dliate, 156 

infio^ X2 

inm^ 132 
in soil, 5 
in termites, 140 
parasitic, 226 
smallest foe-living, 18 # 
Psiiopa (a By), 127 
Ptaimlg^ in pcfo icgfoiSi 1 18 

30J 



INDEX 


Pteranodon, 152 
Pteropod ooze, 55 
Pteropods (pelagic snails), 116 
PteiygoteuAis (a squid), 51 
Puerto Rico, 261 
Putrefaction and bacteria, 266 
Pycnogonids, 117, 58 
Pyrosomes, 35 
and bacteria, 142 
Pythons, 167 

R 

Rabbits, 3, 207, 222, 227, 242, 
249 

csecum of, 15 , 17 
effects of, on vegetation, 252- 
^53 

epidemics in, 236 
number of broods of, 237 
snow-shoe, 231, 238, 235 
stomach azid intestines of, 17 
tails of, 168*9 
Radiolarian ooze, 

Radiolarians, ^3, 31 
and algae, 140 

RafHesia (parasite), 136-7, 148, 
152 

Ragweed, 206 
Rails, 120 

Rain-forest. See. under Forests 
Rats, and bubonic plague, 247* 
248 

desert rats, 117 

musk*^ 259 

plague of in West Indies, a6| 
Rattle-snakes, 172 
Ravens, 169, 254 
and island-life, 121 
Rayaer, and heather-fungus 
partnership, 143 
Rays (fish)> 38 


Rays, teeth of, 16 
Rays, ultra-violet, 267 . 
Ra^or-shells, 61 
Red Fife Wheat, 270 
Red Sea, salt-content of, 127 
“ Red Spider,” 262 
Reindeer, 114, 117, 118 
of Spitsbe^en, 122 
“ Reindee^kMoss,” 214 
Remora, 72, 148 
used in Hshing, 72 
Reproduction, and mode of life, 
*3 

in arctic plants, 114-15 
in birds, 243-4, 246 
in eels, 86-7 
in lake-plants, 90 
in Mangrove swamps, 69 
in parasites, 132-3, 137 
in penguins, 113-14 
in salmon, 85HS 
in sturgeon, 86 
Reptiles, 196 
desert, 103 
domination of, 272 
earliest, 28 

extinct, weight of, 149 
largest flying, 152 
living, 152 

Retia mirahUia^ of whales, 47 
Reward wheat, 270 
Rhine, the, number of species 
of fish in, 85 
Rhinoceros, 258, 229 
Ribbon-weeds, 60 
Rioe-grass, 209-10 
Ridiet,, Professor, on man, 275 
Ringworm, and fiaigus, 135 
Ritdiie, Irfimm ef Mun^ on 
Ammed IMk in Scotland. 
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River-fish. See under Fish 
Rivers, lo 
anhnals in, 84 

fish in, 84-6. See also under 
Fish, river-fish 
life in, and rate of flow, 
82-3 

pollution of, 88 
river-mouth and different 
parts of, 85 

salmon spawning season in, 
86 

Rock-borers, 71 
Rock-creepers (birds), 1 19 
Rock-lobster, 36 
Rock-pools, marine life in, 
62 

Rocks, vegetation on, 206 
Rodents, 104, 198, 243 
and bubonic plague, 247-8 
epidemics in, 231 
Rodriguez Island, 120 
Ross, Sir Ronald, 235 
discoveries of, 2<^ 

Rotang palms, 108-9 
Rothamsted Experimental 
Station, 5 

Rotifers, 74, 79, 82, 91, 129, 
223, 159 
algx and, 141 
h^t«and, 126 
in lakes, 92 
lifi^^cle in, 78 
wei^ of, 150 

Round-worms. See under 
Worms 

Ruby wheat, 270 
Rus&s, 203 
Rui^ loicusts in, 232 
R/us^ in pldnts, 263 
in wheat, 136 


S 

Sacculina, 137, 148 
and crabs, 132 
Sage-brush, 216 
Sahara, 96 

Western, gale in, 98 
Salamanders, 91 
fire-, 172, 178 
Salmon, 85-^, 87 

family, members of, 91 
fishery, 86 
Salps, 35 

and bacteria, 142 
crustacean in, 148 
Salt, content in salt-lakes of, 
127 

Salt-flies, 127 
grubs of, 127 
Salt lakes, 216 
Salt-marsh plants, 202 
Salts, 190 
in the sea, 27 
mineral, 267 

Samoa, coral reefs in, 68 
Sand, adaptation to life in, 63 
dunes of, 203-4, 206 
Sand-eaters, 149 
Sand-grass, 203 
Sand-grouse, 240 
and drou^t, 102 
Sand-pipers, 91 
Sand-worms, 33 
Sargasso Sea, 10 
life in, 38 ' 

Saunders, wheat bred by, 270 

Savannaha, i> 

Sawflies, 1149 ^3 
.Saxifkag^ 314 
Scale-insects, 141 
Scasab, saoH 197 « 
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Schmidt, Johannes, on eels, 87 
Science, applied, and civiliza- 
tion, 273 

Scorpion-fli^ 84 
Scorpions, 101 

Scott Antarctic Expedition, 
rotifers found by, 78 
Scott, Captain, expe^don of, 
and sea-animals, 1 17 
Scrophulariaceas, family of, 137 
Sea-animals. See under Animals, 
sea-animals 
Sea, Arcdc, 224 
-bottom, 24, 190, 25 
deep sea, floor of, 58 
life, 40-54, 55-9 
and colour, 49 
and touch-organs, 54 
li^t and darkness in, 
48 

phosphorescence in, 49- 
50, 51 
depth of, 22 

erupdons, and coral reefs, 
67 

extension of, 22 
floor of, and its deposits, 55, 
57 

food-supply of, 26, 41-2 
inhabitability of, 10 
insect-life in, 72 
land enriched at expense of, 
224 

life bdow range of tides, 

li& first formed in, 23 
life in, 2aH72, 208 

and viscosity of water, 32- 

polar, 115-17 
phoqdionia in, 277 


Sea, plants in, 24-8 

pressure of atmosphere in, 45 
salts in, 27 

-shore, definidon of, 59 
zones of life in, 59-65, 69 
habitats, 69 
life of, 59 ff. 
on ro<^, 62 
on lind and mud, 62 
spring and Winter in, 27 
stradficadon of life in, 42 
surfece life in, 194-5 
zone of, 30-1 

some larvae of, 33 
temperature in, 47 
average, 47 

dde, and sea-animals, 60-5 
upper layer of, 24 
zones of, 25 
divisions of, 31 
life in, 215 

See also Atlandc; Mediter- 
ranean 

Sea-anemones, 61, '62, 65, 69, 
29 , 58 

Adamsia, and hermit-crab, 
142 

and crabs, 52 
deep-sea, 49 
Sea-birds, 224 
Sea-bottom. See under Sea 
Sea-cucumber, 30, 32, 39, 57, 
33,37 
larvae of, 153 
Sea-fens, 49, 29 
Sea-hor^ 164, 168 
Sea-lilies, 30 
stalked, 57 

Seals, 35,77, « 6 , 1x7^118, 

197 ^ 

Alaskan nii>, 276 
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Sea-mats. See Polyzoa 
Sea-pens, 49, 57, 29 
Sea-plants, 24-8, 59-60, 64, 25 
Sea-scorpions, 152 
Sea-shore. See under Sea, 
-shore. 

Sea-slater (Ligia), 60 
Sea-slugs, 62, 197 
Sea-snails, 64, 197 
larvae of, 221 
Sea-spiders, 117 
Sea-squirts, 23, 26, 30, 61, 58 
feeding of, 14 
pelagic, 35 
Sea-strider, 80 
Sea-urchins, 30, 57, iiyWi 
larva of, 153 

Seasons, changes of, in sea-life, 

27 

Seaweeds, 60, 71, 90, 208, 25 
and cells, 26 
Sea-woodlice, 58 
Secondary aquatics, 75, 77, 90 
Sedges, 205 

Seeds, of desert plants, 99, 100 
Selachians, 35 
Selection, intra-specihc, 20 
Natural, 20, 21, 134, i70> 
173-4, i 7 < 5 - 7 ^ 245, 247 
and struggle for exis- 
tence, 131 
in desert-life, 100 
Separateness, a quality of all 
creatures, 2-3 
Sequoias, giant, 241 
Sewage, and phosphorus, 277 
Sewii^fanns, fauna on, 129 
Sharli^ 38, 72 
hasl^,35 
Sheep, 15, 242 , 152 
and blow-flies, 134 


Sheep, and kea, 258 
diseases of, 268 
fat- tailed, 117 
in New Zealand, 258, 269 
mountain-, 118, 119 
Tibetan, 104 
Shell-borers, 70 

Shelley, Percy Bysshe, Ode to 
the West Wind (quoted), 
23-4 

‘‘ Shine-by-Night ” (proto- 
zoas), 31 
Shipworms, 70 
nutrition in, 70 
size of, 70 
Shrew, flying, 154 
Shrimplets, 91 
Shrimps, brine-, 127 
well-, 123 
Siberia, 213, 240 
Silicon, 185 

Simpson, Sir James, chloro- 
form used by, 266 
Single-celled anir^s, 31 
plants, 31 

Siphonophores, 34, 48, 80 
colour in, 49 
gas-glands of, 38 
Size of animals. Su under 
Animals, size 
Skin, pigment of, 164 
Skuas, 1 13, 1 15, 221 
Skunk, 17^“^ 

Sleep, drug to pnxluce, 266 
Sleeping sickness, 257, 265 
and flagellates, 134-5 
Slime, in Takes, 92 
Sloth^ 107, 141 
Slow-wotms, 7 
SlogSs,93 
Smelts, 85 
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Snails, 170 
butterfly, 14 
cave-, 123 
common, 154 
floating ^thina), 48 
fresh-water, 15, 77 
land-, in deserts, 101 
largest, 154 
snn^lest, 156 
pelagic, 38, 116, 225 
and algae, 141 
and heat, 126 
pond-, 76, 81 
pteropod, 221 
swimming, 34 
“ tongue ” of, 15 
water-, 73, 79, 91 
eggs of, 74 
weight of, 150 
Snakes, 103 
coral, 172 
largest extinct, 152 
rattle-, 172 
Snipe, 16 
So^um, 4^, 185 
Soil, 4-5, 10, 97, J13, 275 
desert, 96-8 

and temperature, 103 
exhausted, enriching of, 139 
fertility of, 276 
greenhouse, 5 
in China, 277 
loss of phosphorus by, 277 
makers of, 197 
on sand duni^ 204 
Soidanella (flower), 115 
Scdomon, ants, 103-4 
Soltaire 

Soper, on snow^^dioe rabbits, 
231-2 

(South Africa. Su wdtr Africa 

^^0 


South America. See under 
America 

South Georgia, and whales, 1 17 
South Sea Islands, flightless 
birds on, 120 
Spallanzani, Abb6, 266 
Spanish bayonets, 99 
“ Spanish Moss,” no 
Sparrows, 255 
in New Zealand, 259 
Spartina townsendiu See Rice- 
grass 

Species, balance of, 228 
mutations in, 247 
Sperm-whales, 47 
Sphxrium (bivalve mollusc), 84 
Spider-crab, 57 
Japanese, 152 
weight of, 1 50 

Spiders, 77, 94, 114, 122, 196 
anatomy of, 157 
excretory organs of, 157 
flower-, 168 
of the East Indies, 1 1 1 
weight of, 150 

Spirillum, of relapsing fever, 226 
Spirochsetes, in man, 132 
Spirogyra, 90 
Spirilla, and gas, 38 
Spisula (a chm), 64 
Spitsbergen, 112, 223 
climate and life in, 118 
Collembola in, 197 
mountains of, 1 14, 215 
reindeer in, 122 
smallest mammal in, 158 
Spongbs, 23, 30, 57, 61, 117, 129 
Qiona, 71 
crabs and, 142 
feeding of, I4 
fresh-water, 83, 91 
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Sponges, Hexactinellid, group 

of, 57-9 

no mouth in, 62 
Spores, 6 
Sporozoa, 12 
Springbok, 230 
Springs, hot, life in, 1 26 
Spring-tails, 197 
Spruce, 213 
fossil, 241 
Spurges, 99, 224 
Squids, 43 , 152 
parasites of, 227 
weight of, 1 50 
Squilla, 64 
Squirrels, 107, 242 
fleas in, 226 
Malayan squirrels, 16 
migration of, 234 
Stags-hom coral, 65 
Stariish, 30, 49, 61, 58 
deep-sea, 49 
largest, 154 
larvae of, 221 
no head in, 62 
Starlings, 256 
in ^^erica, 258 
Ste^sson, Friendly Arctic^ The^ 
117 

on life in the arctic, 1 17-18 
Steppes, II, 212 
Stick-insect, 164, 154 
Sticklebacks, 74, 85, 129 
Stoats, 171, 197, 222 
Stomdophus, 37 
Stone-flte, 91 
Scoxks, mar^u, 197 
Storms, thunder-, track of, 241 
> ixiagi^c^ 24 i 
Sturgeon, 85 , 85 
leproduction in, 86 


Sturgeon; tail of, 92 
Subsistence-chains, 220-8 
Sub- tropics, vegetation of, 21 1 
Suecinea putris, 170 
Sucker-fish, 72 
Sugar-cane, pests in, 261 
Sugar-crops, in Puerto Rico, 
261 

Sulphates, 190 
Sulphur, 185, 188 
Sumatra, 199 

Sumner, experimental breeding 
of deer-mice by, 20 
Sun, cycles of sun-spot 
numbers, 241 
energy of, and life, 190 
source of life, 185 
power of, 276 
Sun-fishes, 35 
Sunflowers, 206 
Sunlight, 98 

Surface-zone, of sea, animals of, 
48-9 

Swallows, 196 
cliff-, 1 19 
Swans, 91 

Sweet-gum trees, and gall-* 
insects, 136 
Swifts, 196 

Sycamore trees, 206, 213 
Symbiosis, 65-6, 132, 138-48 
and parasitism, 148 
between anim^ and plants, 
141 

between bacteria and fiafa, 
141-2 

between tiat-worms ana 

algae, 146 , , 

between tetimtes and ntgel> 
tales, 139^ 

** hosiile^’’ in nan, 144 

X 
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Symbiosis, in leguminous 
plants, 189 

Syrian desert, 96, 103 
T 

Tadpoles, 30 
cilia in, 153 
thyroid gland in, 205 
Taiga, 213 
Tanganyika, 92 
evolution of life in, 93 
fish in, 93 

Tansley, Types of British 
Vegetation^ 202 

Tape-worm. See under 
Worms, tape- 
Tapirs, Mala3^n, 167 
Tardigrades, 79 
Tarpon, 152 
Teal, 252 

Teeth, of various animals, 1 5, 

“ Telescope eyes,” 56 
in sea-animals, 53-4 
Temperature, and animals, 126, 
238 

and birds, 103, 239 
changes of, in fresh water, 75 
in deserts, 97 
in lakes, 88-9, 103 
in mammals, 103 
in surface waters, 215 
of habitats, differences in, 9 
Temperature-xegulation and size 
in animals, 158 
Teredo (ship-worm), 70 
Termites, 71, 108, 128, 195, 197 
and fiii^^e8,.i39, 146 
partner-plants of, 141 
Texas, 262 

amphibians of, 123 
Thaa^ ThOi 88 


Thayer (naturalist), 168 

Concealing Coloration in the 
Animal Kingdomy 167 
Thistle, 259 

Thompson, Acclimatbiation of 
Plants and Animals in 
New Zealandy They 259 
Thom-scrub, African, 212 
Thrush, s#ng-, 154 
egg of, 154 
Thymallus vulgarisy 84 
Thyroid, secretion in axolotl, 
^51 

Tick-birds, 196, 229 
Ticks, 227, 228 
Tigers, teeth of, 16 
THlandsia, no 

Tillyard, Dr., on prickly pears, 
230 

Tissues, in man, 144 
of crustaceans, 35 
Tits, 169, 239 
Toads, 75, 91, loi 
.giant, 261 
tadpoles of, 153 
tree-, 107-8 
Tooth worts, 138 
Topley, Professor, 234 
Toucans, 16, 107 
Touch-organs, 161-2 
m deep-sea life, 54 
Tow-net, use of, 28 
Toxeuma (a squid), 4 S 
Toxot^ (f^)> 80 
Tozzia (plant), 138 
Tracks, storm-, 241 
T ransparency, a quality of deep- 
sea aUimak, 48-9 
Tree-frogs. 5 m imAr Frogs 
Tree-porcuptneS, 107, 111 
Tree-raocoonsi 107 
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Trees, 105-6 

and environment, 18 
animals living in, 167 
deciduous, 213 
dominant in warm-temperate 
climate, 213 

forest- and fungus, 146-7 
Gipsy Moth and, 260 
in desert belts, 212 
in Lower Devonian Period, 
209 

in mangrove swamps, 69 
in rain-forests, 105-6, 107-9 
northern, 214 
rings of gro\^ in, 241 
scarcity of, in China, 274 
sub- tropical, 212 
tall, 21 1 

tree- trunks in forests, 45 
Tree-toads, 107-8 
Triassic Period, 219 
Trichina, 133 
Tridacna, 153, 222, 152 
Tropics, the, 201-2, 208 
agriculture in, 257 
and deserts, 96-7 
and termites, 140 
forests in, 105-1 1 
swamps in, 105 
Trout, 84, 85, 86 
in Arnica, 257 
lake-, 91 
Tsetse»fU<», 265 
Trypanosomes, 134-55 
Tiibes of sea-anii^s, 63 
Tubifsx (brisde-worm), 83 
in Central London mud, 83 
Tundras, 11, 214 
Tunyates,' 14 
Tunny, 38 

Turf, on English downs, 207 


Turner, Miss, on birds, 255 
Turnstone (bird), 168 
Turtles, 72, 77 
Typhlomolge, 123 
Tyrannosaur, 152 

U 

United States, 277 
Universe, life to-day in, 1-6 
separateness and incompre- 
hension in lives of creatures 
in, 2-3 

Uvarov, on life-cycle of locust, 
V 

Vallisneria, reproducdon in, 90 
Variation, in Greasy Fritillary 
Butterflies, 247 
random, 174 

Vegetation, and animal habi- 
tats, II 

and climate, 21 1 
belts of, and altitude, 215 
round ponds, 218 
“ closed,” 212 
desert, 212 

dominant type of, 192 
effect of, on heat, 97 
rabbits on, 252-3 . 
essential elements in, 6 
in forests, 44-5 
in Indiana, 206 
in Krakatoa; after eniptio% 
200-1 

in ponds, 205 
in rain-forests, 105-10 
in rocks, 206 
in sand dunes, 203-4 
layen of, 193 
nsoundf u fUgjoii, 809 
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Vegetation, “ open,” 212 
Velella, 80 
colour in, 49 

Venus’s Flower-basket (a 
sponge), 57 
Verlaten Island, 199 
Vertebrates, 77, 126, 154 
and arthropods, 141 
earliest land-, 28 
feeding habits of, 263 
fresh-water, 77 
in desert, loi 
land, legs of, 151 
lower, colour changing in, 
165 

water-, weight of, 1 5 1 
weight of, 149-50 
Vespa (wasps), 178 
Vestiges, of eyes, 124 
Vetch, 139 

Vinciguerria (a fish), 51 
Vines, 44 

Viruses (parasites), 135 
Vitamin A, 35 
Vitamins, 267 

bacterial partners and, 14 1 
Vorticella, 159 
Vultures, 119, 197 
lammergeier, 119 
condor, 119 

W 

Waitomp Caves, 125 
Walker, O. T,, 241 
Wallace, Alfred Russel, on rain^ 
forests, 105 
Walnut trees, 213 
Walruses, 116 

Walton, Bkdogy cf the Sea^ 
shorty 59 
Wasps, 108, 171 


Wasps, British species of, 178 
grubs of, 71 
sand-, 174 
Water and heat, 97 

and main glaciations, 68 
and temperature, 88-9 
and wave-lengths of light, 48 
brackish, 10 

densityjjigreatest of, 88, 89 
fresh-, fish in, 91-2 
life in, 73-80 
temperature in, 75 
worm§ in, 83-4 
Henderson, L. J., on peculiar 
property of, 89 
incompressibility of, 46 
in deserts, 97-8 
life in standing waters, 88- 
93 

pressure of, 45-6 
running, life in, 80-6, 88 
salinity in, 9 
sea-, 10 

“ specific heat ” of, 97 
surface-film of, 155 
surface-tension of, 157 
unfiltered, 129 

viscosity of, and sea-life, 32- 
33 

weight of an organism in> 93, 

151 

See also Ponds; Sea 
Water-beedes. See under 
Beedes 

Water-birds, 91 
Water-boatmen, 74, 91, 127 
Water-crowfoot, 74, 77, 205 
Water-dea. See under Reas 
Water-lilies, 77, 79, 89, 205^ 81 
Water-measurer, 8^ 81 
Water-mites, 92 
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Water-plantain, 206 
Waters, inland, habitats pro- 
vided by, 10 
kinds of, 10 

Water-scorpions, 74, 91, 81 
Water-slaters, 129 
(underground), 124 
Water-shrimps (underground), 
124 

Water-snails, See under Snails 
Water-spiders, 81 
Water-storers, desert plants, 
9? 

Water-supplies, modem, 129 
Weasels, 171 

Weather, and herbivores, 23S 
cycles in, 98, 242, 247 
effect on birds of hard, 239 
storms, 241 

Weed, gulf-, of Sargasso Sea, 


39,40 

Weeds, 6 
pond-, 205 

Weevil, in sugar cane, 261 
Weight, of animals, 149-62 
of organisms, in water, 93 


in air, 93, 94 
Whales, 7, 32, 35, 72, 77, ii7, 


276 

and food, 14 
over-killing of, 275 
retia mirabUia in, 47 
size of, 149 


sperm-, 47 
sulphur-bottom, tS2 
whalebone, 222 
and feecting, 14 
Whale-shark, 152 
Whe^t, 276 
modem types of, 270 
rust of, 136 


3i« 


Wheel-animalcules. See 
Rotifers 
Whelks, 16 

Whirligig beetles, 79, 81 
“ White ants.” See Termites 
White-fish, 91 
Willows, 203 

Winglessness, adaptation of, 
1 20-1 

in island-life, 119-21 
Wodehouse, P. G., 163 
Wolves, 1 14, 1 18, 197, 222 
teeth of, 16 
Wood-borers, 70-1 
Woodcock, 16, 167 
Wood-lice, 60, 70 
in deserts, loi 
Woodpeckers, 196 
Worms, 40, 62, 150, 195, 225 
and heat, 126 
arrow-, 30, 32, 221 
red, 49 
boring, 71 
bristle-, 30, 49, 83 
earthworms, 4, 83, 93, 195 
feeding of, 14 
r61e of, 197 
utility of, 4 
weight of, 150 
feeding of, 14 
flat-, and alga, 141, 
in caves, 123 
in lakes, 91 
size of; 15*5 
guinea-, 132^-3 
eggs of, 132 
hook-, 133 
in water, 83-4 
in lakes, 92, 
in water-pipes, 199 
lug-, feedUig 14 
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Worms, Nemertine, 6i, 33 
round-, 12, 128, 133, 228 
^^egmented, 3^ 
tape-, 132, 148, 152 
length of, 150 4 
of dog and fox, 227 
Trichina, 133 
tube-, 60-1, 62 
Wormwood, 203 
Worthing, Miss, on parasitic 
habits of h^-fish, 137 
Wrens, 169 

Y 

Yeasts, 265 


Yellow rattles (plants), 138 
Yser, River, 202 
Yuccas, 194 


Z 

2^ra, 222, 236, 242 
Zebu, 1 17 
< .Zinc, 185^- 
Zones, desert, 95-7 
of life, in forests, 44 
in sea, 59-72 
of sea, 31 

surface, animals of, 48-9 
Zostera (eel-grass), 90 



